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INTRODUCTION 


1.0 INTRODUCTION 
1.1. GENERAL DESCRIPTION 


This document introduces and describes the 
Western Digital® WD90C33 High Performance 
VGA Controller (hereinafter referred to as the 
WDS0C33). | 


The WD90C33 is a 0.9 micron CMOS VLSI device 
that provides a Graphic User Interface (GUI) for 
Windows. The WD90C33 supports hardware Bit 
Block Transfers (BITBLT), tine draw, cursor, while 


WD90C33 


- Filled Rectangles 

- 32-Bit Memory or I/O Port imaging transfer 
to or from host 

- X/Y Addressing 

Hardware-assisted Line Draw for 4-Bit, 8-Bit, 

and 16-Bit color modes 


- Bresenham Line Algorithm 
- Strip Line Algorithm 
- X/Y Addressing with Clipping 


maintaining backward compatibility with previous ‘ , 
standards such as MDA, EGA, CGA, Hercules, eats ara oar Po . 
and AT&T 6300. Designs that use the WD90C33 men Wale -ancisied, aciange a EES 
controller are able to run applications requiring © ° Command Buffer eight levels deep 
VGA hardware and BIOS compatibility and also © BITBLT pipeline 4 levels deep 
EGA register level compatibility on analog, TTL, or = © True 24-Bit color with limited BITBLT hardware 
multifrequency monitors, in interlace or non- support 
Interlace mode. The WD90C33 supports high =. Host Bit Block Transfers (HBLT) supports 
resolution graphics with a dot resolution of up to memory-mapped 32-Bit transfers through the 
1280 by 1024 with 256 colors. The WD90C33 also write buffer 
supports 132-column text mode and 6 by 16 pixel : 
font Features of the WD90C33 are sinmnatizes evliows the GPU leicocees the sleplay Memory 
in the following section while the drawing engine is active 
© Supports up to: 
The WD90C33 Is supplied in a 208-pin MQFP ~ 1024 by 768 with 256 color 
ackage under the following order ber: 
Rae epee poate tea - 800 by 600 with 64 colors 
90C33ZZ00 - 640 by 480 by 64K color 
- 640 by 480 with 16 million color 
12 FEATURES - 1280 by 1024 with 256 color interlaced 
The WD90C33 provides the following features: e Hardware Cursor 
© full-function VGA controller optimized for ~ 64 by 64 pixels or 32 by 32 pixels 
windows - Inversion and transparency 
¢ Built-in interface with 32-Bit 386/486 local bus - Two color and three color modes 
© Built-in interface with VESA VL-Bus e Provides a single chip video graphics solution 
e Integrated bus interface for AT with minimum iocIBM eT compatible systems 
external component support e Supports two or four 64K by 16 DRAMs 
¢ True 32-Bit host-to-display memory datatrans- | ° Supports up to 2 Mbytes of display memory 
fers in graphics modes with four, eight, or sixteen 256K by 4 DRAMs; 
° Hardware BITBLT for 4-Bit, 8-Bit, and 16-Bit Shon EOF ony 2a Oy ISHAM: 
color modes e Fully compatible with IBM's VGA and EGA 
- Pattern Fill with hidden register support 
. © Fully compatible with CGA, MDA, Hercules 
7 perenons Graphics and AT&T Model 6300 standards 
= pees © Supports 132-column text 
- Color Expansion for Text Support 
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Write buffer for zero wait state CPU write per- 
formance 

Provides 16-Bit or 32-Bit memory interface 
with fast page operations 

Up to 80 MHz maximum video clock rate 

Up to 60 MHz maximum memory clock rate 
Up to four simultaneous displayabie fonts 
From 6 to 16 pixel-wide fonts 

A maximum of 16 fonts can be loaded 
Provides adapter video BIOS ROM decoding 
Eleven-Bit vertical counter to support scan 
resolution of up to 2048 scan lines 

Supports 16-Bit /O register transfer to index/ 
data register pairs 

Adjustable internal display FIFO and fast page 
memory interface 

208-pin Metric Quad Flat Package (MQFP) 
Integrated feature connector interface and ex- 
ternal RAMDAC support 

Programmable memory mapping register to 
map WD90C33 into any CPU memory ad- 
dress space 


INTRODUCTION 


e Separate host address and data to save exter- 
nal glue logic (For AT and CPU local bus) 

e Supports 256Kx16 DRAM with four CAS 
strobes and one write strobe 


1.3 DOCUMENT SCOPE 


In addition to this introduction to the WD90C33, 
the following sections of this document provide a 
description of the WD90C33 architecture and 
related interfaces, signal descriptions, internal 
register descriptions, application information for 
the hardware cursor and drawing engine, specifi- 
cations, timing information, and package dimen- 
sions. Special features of the WD90C33 including 
the signature analyzer and I/O mapping for test 
purposes are also described. 


Appendix A contains a list of reference docu- 
ments that may be useful to users of this docu- 
ment. 
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2.0 WD90C33 ARCHITECTURE 


The WD90C33 contains the System Interface and 
the following six major internal modules (see 
Figure 2-1): 

- CRT Controller 

= Clock Controller 

- Video Control 

- Cursor Control 

- DRAM Control 

- Drawing Engine 


An Internal write buffer is used to achieve fast 
memory write. A Zero walt state may be achieved 
with a 32-Bit video memory interface for most 
memory write operations. 


An internal FIFO is used to achieve the video 
display bandwidth necessary to interleave CPU 
accesses and display refresh cycles. 


The CRT Controller maintains screen refresh 
functions for the various display modes defined by 
the BIOS ROM resident firmware. The CRT 
Controller also generates a horizontal sync 
(HSYNC), vertical sync (VSYNC) and blanking 
signal for the display monitor. 


The Clock Controller functions as a timing 
generator for the display memory cycles. It 
provides the character clock in the alphanumeric 
mode and the dot clock in the graphics mode. The 
Clock Controller arBitrates between video display 
refresh, Drawing Engine memory cycle, memory 


WDs0C33 


DRAM 
CONTROL 


MULTIPLE XER 


WD90C33 


refresh, and CPU access of the video memory. 
This controller also provides write buffer control. 


The Video Control serializes the video memory 
data into video data stream according to different 
display formats. it controls blinking, underlining, 
cursor, pixel panning, reverse video and back- 
ground or foreground color in all display modes. 


The Cursor Control reads in each line of the 
cursor pattern during the horizontal retrace 
immediately preceding the scan line on which that 
line of the cursor pattern is to be displayed. It then 
merges the cursor pattern into the video stream 
for the scan line. 


The DRAM control provides the video memory 
interface for memory configurations from 256 
Kbytes to 2 Mbytes. The WD90C33 supports 
45ns, 60 ns, 70 ns, and 80 ns DRAMs with aj 
dedicated clock, and provides a choice of page 
mode or non-page mode operation to access 
fonts in text modes. 


The Drawing Engine generates memory 
addresses, data masks, and control signals for 
BITBLT, Line Draw, pattern fill, and other graphics 
operations. The Drawing Engine also manipulates 
the data flow between the CPU and the video 
memory for both CPU write and CPU read cycles. 
The engine also manipulates display data by 
doing color compare, color expansion, and data 
rotation. It contains a 32-Bit Arithmetic Logic Unit 
(ALU) for raster operations. 


ANALOG/DIGITAL 


FXED OR 
VARIABLE 
SCAN 


FIGURE 2-1. SYSTEM BLOCK DIAGRAM 
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3.0 WD90C33 INTERFACES 


3.1. INTRODUCTION e Figure 3-4. AT Compatible | Bus Subsystem 
This section describes the various interfaces Figure 3-5. AT Compatible 16-Bit Interface 
with 8-Bit BIOS 


between the WD90C33 Controller and external 
devices. These Include system interfaces suchas  ° Figure 3-6. AT Compatible 16-Bit Interface 
the CPU (Host) and BIOS ROM, DRAM, video, with 16-Bit BIOS 

and clock as indicated in Figure 3-1. In addition e Figure 3-7. Two or Four 64K by 16 DRAM In- 


this section contains the following figures to show terface 

connections between the WD90C33 Controller Figure 3-8. Four or Eight 256K by 4 DRAM In- 
and the various external devices. terface 

e Figure 3-2. WO90C33 Block Diagram e Figure 3-9. External RAMDAC Interface 

e Figure 3-3. Local Bus Subsystem Interface e Figure 3-10. Clock Interface 


WD90C33 


ALE/ADS/ALE 
EMEM/CPURESET 


1. CPU LOCAL BUS, 32-BIT 

2. AT BUS (16-BIT) WITH 
8-BIT BIOS 

3. AT BUS (16-BIT) WITH 
16-BIT BIOS 

4. VGA ROM BVIOS WITH 
PAGE MAPPING 


1. CLOCK INTERFACE 
WITH INTERNAL MUX 

2. EXTERNAL MUX 8:1 

3. EXTERNAL MUX 4:1 


IRQ eee 
IOCHRDY/VGARDY nage 
SYSRESET/RSET 


EBROM 
1OCS16/RDYIN 


ROM16_ 
MEMCS16/LDEV 
OWS 


MDET 
USA[1:0] 
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256K DRAM INTERFACE 
512K DRAM INTERFACE 
1M DRAM INTERFACE 
2M DRAM INTERFACE 


1. 
2. 
3. 
4. 


1. RAMDAC INTERFACE 
2. CRT CONTROL 

3. USER PROGRAM 

4. FEATURE CONNECTOR 


FIGURE 3-1. WD90C33 SYSTEM INTERFACE 
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3.2 CPU(HOST) AND BIOS ROM 
INTERFACE 


The WDS0C33 is designed to Interface directly 
with the 386/486 CPU 32-Bit local bus (see 
Figures 3-2 and 3-3). it also compiles with the 
VESA VL-Bus standard and provides the signals 
necessary to interface with the VESA connector. 
The WD90C33 also provides the interface for 
local bus RAMDAC, BIOS, and clock generator 
without using glue logic. While connected to the 
CPU local bus, the WD90C33 allows the user to 
choose whether to connect the RAMDAC to the 
local bus or to the system (AT) bus. The 
WDS90C33 also supports RAMDAC write 
shadowing, and interface with the video BIOS. 
Selection of the 32-Bit local bus interface is 
determined by the state of Configuration register 
Bit CNF(11) during power-on or system reset as 
described in Section 9. 


The WD90C33 also operates In the AT Bus 
architecture configuration (see Figure 3-4). The 
selection of the bus architecture determines the 
operating mode, and Is selected by the state of 
Configuration Register Bit CNF(2) during power- 


WD90C33 


on or system reset as described in Section 9. 


Whether configured for Local Bus or AT Bus 
operation, the WD90C33 operates to optimize the 
selected interface with a minimum of external 
Circuits. 


The WD90C33 provides all the signals and 
decodes all the necessary memory and VO 
addresses to interface with the Local bus and AT 
bus in 8-Bit, 16-Bit, or 32-Bit data paths. It also 
provides the necessary decoding of the adapter 
video BIOS ROM. 


The WDS0C33 has a display memory write buffer 
that holds the CPU write data until it can be 
transferred to the display memory, allowing the 
CPU to continue. This feature greatly reduces 
CPU wait states while writing to the video 
memory. 


The WDS90C33 provides walt states for CPU 
accesses to the video memory if necessary. 


Special I/O ports such as 46E8h for the AT for 
setup and 102h for VGA enable, have been 
implemented internally in the WD90C33. 
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PIXEL DATA 


seoveacoaoavesssnesees. sees 


HARDWARE 
CURSOR 


vO DECODE lOCS16 


CPU 
ADDRESS MD[31:0} 


AND DATA CPU DATA 
RANSFER| WRITE 
T ER] BUFFER 


WRITE BUFFER 
CONTROL 
DOT CLOCK 
GENERATOR 
FIFO 
SHIFT/LOAD 
CONTROL 
MEMORY TIMING RAS, CAS,OE, WE 
GENERATION 
MEMORY BUS JOCHRDY/VGARDY/0WS 
ARBITRATION 2 


FIGURE 3-2. WD90C33 BLOCK DIAGRAM 
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3.3 LOCAL BUS VIDEO SUBSYSTEM INTERFACE 
Figure 3-3 shows the 32-Bit Local Bus Subsystem Interface (Refer to notes on 


WD90C33 
(208 Pins) 


RESET 
CPURESET 


TO CORE 
LOGIC 


TO SYSTEM BUS 
VIDEO BIOS SELECT 
486 = 
or D/C 
386 or HROQ 
VESA 


VIDI7:0] 


WPLT, APLT 
A[31:2] Al31:2] 


BE[3:0] BE[3:0] 


D[31:0) D[31:0} 


USR{[1:0) CLK GEN 


eee MCLK,VCLK[2:0] 
CPURDY 


HSYNC 
VSYNC 


OTHER LOCAL 


FIGURE 3-3. LOCAL BUS SUBSYSTEM INTERFACE, 32-BIT 


we ADVANCED INFORMATION 5/27/93 7 


WD90C33 WD90C33 INTERFACES 


3.4 AT COMPATIBLE BUS SUBSYSTEM 
Figure 3-4 shows the AT Compatible Bus Subsystem. 


WDS90C33 
(208 Pins) 


MAD M0{[31:0) eee 


MA(8:0] 
CAS{[3:0], OE 
RAS, WE 


EBROM 


Al14:0] 
D[31:16} 

BD[7:0] 

BAL0) RAMDAC 


VID[7:0) 


WPLT, RPLT 


BLNK, PCLK 


‘iseiiai CLK GEN 


MCLK, VCLK[2:0] 


Y’ 
HSYNC 


vip VSYNC ; 


FEATURE 
CONNECTOR 


EXPCLK 


FIGURE 3-4. AT COMPATIBLE BUS SUBSYSTEM 
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NOTES FOR FIGURE 3-3 


Use of HRQ Is optional. If the HRQ input is 
not used, it should be tied low (inactive). 


Typically, the video BIOS should be inte- 
grated with the system BIOS (External 
BIOS mode). For the Local bus mode 
BIOS, an 8-Bit EPROM can be connected 
to BD[7:0]. In this mode, EBROM is decod- 
ed inside the WD90C33 and LDEV is gen- 
erated to block the BIOS cycle seen by the 
core logic. Refer to the Local bus Interface, 
Section 10, for additional information. 


27256-15 CE 


Al14:0] 
D[720] 


WD90C33 


3. Typically, VGARDY is connected to the 
RDY input of the core logic, which in turn 
generates the final CPURDY. Refer to the 
signal descriptions in Section 4 for addition- 
al information. 


3.5 AT COMPATIBLE INTERFACE (16- 
BITS) AND 8-BIT BIOS 


Figure 3-5 shows the interface between a 16-Bit 
AT compatible bus, an 8-Bit BIOS, and the 
WD390C33 Controller. The typical use for this 
configuration is with 386/486 based systems. 


WD90C33 


EBROM 


D[23: 16} 


Al16:0] 
A[23:17] 


FIGURE 3-5. AT COMPATIBLE 16-BIT INTERFACE WITH &-BIT BIOS 
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3.6 AT COMPATIBLE INTERFACE (16- 
BITS) AND 16-BIT BIOS 


Figure 3-6 shows the interface between a 16-Bit 
AT compatible bus, a 16-Bit BIOS, and the 
WD90C33 Controller. This MEMCS16 


27256-15 CE 


Al1420] 
D720] 


OE 


27256-15 CE 


A[140] 
D[7:0] 


SA[16:0] 
LA[23:17] 
SD[15:0] 


RESET 


AEN 
REFRESH 
SMEMW 
SMEMR 
SIOR 
SIOW 


IRQ 


SBHE 
1OCS16 
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implementation is limited to slower bus speeds 
because address lines A16 and A15 are used for 
the 16-Bit BIOS. The typical use for this 
configuration is with 386/486 based systems. 


WD90C33 


EBROM 


FIGURE 3-6. AT COMPATIBLE 16-BiT INTERFACE WITH 16-BiT BIOS 
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3.7 DRAM INTERFACE 


The WD90C33 has a flexible DRAM interface. It 
works with two or four 64K by 16 DRAMs with a 
32-Bit memory interface. It can also work with four 
256 Kbyte by 4 DRAMs or one 256 Kbyte by 16 
DRAM with a 16-Bit memory interface (see 
Figures 3-7 and 3-8). Other possible 
configurations are eight or sixteen 256 Kbyte by 4 
DRAMs, and two or four 256 Kbyte by 16 DRAMs 
with a 32-Bit memory interface. In all cases the 
WD90C33 uses the DRAM fast page mode to 
optimize performance. 


The WD90C33 supports all standard IBM VGA 
modes with only one 256K by 16 DRAM. Because 
it uses a 32-Bit memory interface and has an 
internal write buffer, the WD90C33 can update the 
video memory without inserting wait states to the 
AT bus for most standard IBM VGA modes. 


When_ additional DRAMs are installed the 
WDS90C33 is capable of supporting high 


WDS90C33 
WEO, WET 


WD90C33 


resolution color video modes (1024 by 768 with 
256 colors, non-interlaced at 72 Hz vertical 
refresh rate). 


The WD90C33 is designed to support 50 ns, 60 
ns, 70 ns, and 80 ns DRAMs with the dedicated 
MCLK, which can operate from 37.5 MHz to 50 
MHz maximum. 


The WD90C33 generates fast page DRAM timing 
for all BITBLT, cursor and CPU accesses, 
graphics display and text display. A choice of 
page mode and non-page mode operation Is 
provided to access fonts in text modes. 


The WD90C33 also generates CAS before RAS 
DRAM refresh for the display memory. 


3.8 TWO OR FOUR 64K BY 16 DRAM 
INTERFACE 


Figure 3-7 shows the interface between two or 
four 64k by 16 DRAMs and the WD90C33 
Controller. 


i= 16 


= Beau 
a lll 


FIGURE 3-7. TWO OR FOUR 64K BY 16 DRAM INTERFACE 
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3.9 FOUR OR EIGHT 256K BY 4 DRAM INTERFACE 
Figure 3-8 shows the interface between four or eight 256K by 4 DRAMs and the WD90C33 Controller. 


WD90C33 


256K by 4 | 


CAS2 
MD[23:16] 


WE 


MA|80} 


256K by 4 


CAS3 
MD[3 1:24] 


NOTES: 
1. If only four 256k by 4 DRAMS are installed, Use MD[15:0]. 
2. For 256K by 16 DRAMS, the interface is similar. 
3. For DRAM addressing, the WD90C33 can support either of two methods: 
a. Four CAS strobes with one write enable (WE). 
b. Four write enables with one CAS strobe. 
The four CAS strobe method (a) is recommended to reduce loading. 
Selection ts controlled by Configuration Register Bit 17 (CNF17). Refer to Section 9. 


FIGURE 3-8. FOUR OR EIGHT 256K BY 4 DRAM INTERFACE 
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3.10 VIDEO INTERFACE 


The WD90C33 is optimized to connect to an 
analog CRT monitor through a RAMDAC but it 
may also be used to drive other types of displays, 
such as TTL monitors. In interfacing to an analog 
monitor through an external RAMDAC, the 
WDS0C33 provides all the necessary signals to 
interface to the video RAMDAC. 


The video interface for a CRT is very dependent 
on the CRT requirements and the resolution and 
depth (Bits/pixels) of the image desired. New 
monitors such as multifrequency monitors, are 


WD90C33 


WD90C33 


less stringent because of the many sync 
frequencies available. 


The AT Feature Connector can be connected 
directly to the WD90C33. The WD90C33 also 
provides an input for a monitor type detection 
interface as done on the IBM VGA _ using 
comparators. 


3.11 EXTERNAL RAMDAC INTERFACE 


Figure 3-9 shows the interface between an 
external RAMDAC and the WD90C33 Controller. 


RAMDAC 


FIGURE 3-9. EXTERNAL RAMDAC INTERFACE 
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3.12 CLOCK INTERFACE 


The WD90C33 has four clock input signals, 
Memory Clock (MCLK), which drives the DRAM 
and bus interface timing, and the three Video 
Clocks, (VCLKO, VCLK1, and VCLK2), which 
drive the video timing. VCLK1 and VCLK2 can 
also be programmed as outputs to provide the 
option to externally contro! a multiplexer that 
supplies the video clock. MCLK can also be 
selected as a memory clock or video clock. 


Figure 3-10 shows the clock interface with 
external oscillators configured as inputs. Clock 
selection is determined by register 3C2h, Bits 3:2 
as listed in the following table. 


| BIT3 | BIT2 | CLOCK SELECTION 
po | o [veo 
ee es 
ee ee 


WD90C33 


VCLK1 
VCLK2 
USRO 


BD2 
BD3 
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NOTE 


Configuration Bit 3 (CNF3) is pulled 
down to convert VCLK1 and VCLK2 to 
inputs. Refer to Section 9 for additional 
information. 


SELECTING THE WD90C33 
OPERATING INTERFACE 
CONFIGURATION 


The WD90C33 uses memory data connector pins 
to configure an internal configuration . register 
during power-on or system reset as described in 
Section 9. Configuration Bit CNF(2) determines 
whether or not the WD90C33 will operate in AT 
Mode as shown In Figure 3-4. Configuration Bit 
CNF(11) determines whether the WD90C33 will 
operate in the Local Bus or AT bus mode. 


Other configuration (CNF) Bits configured by the 
WD90C33 during power-on or system reset are 
used as status Bits or for clock source control. For 
more information the WD90C33 configuration 
register, refer to Section 9. 


3.13 


WD90C64A 


SELE 
VSEL2 
VSEL3 


VSELO 
VSEL1 


FIGURE 3-10. CLOCK INTERFACE 
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4.0 SIGNAL DESCRIPTIONS 


4.1 INTRODUCTION 


This section contains detailed information con- 
cerning signals and pin-outs for the WD90C33 
controller 208-pin package. The following infor- 
mation Is contained In this section: contains: 


4.2 


RAS2! 


WE! ‘/CAS1' 


MD1i5 


MD14 
MD13 
MD1i2 
GND? 
MD11 


MD10 
MD9 

MDs 
WEO'/WeE! 
vec? 
MD7 

MD6 


MD5 
MD4 
GND? 


MD3 
MD2 

MD1 

MDO | 
CAS/CASO 


NOTE: Refer to notes at the end of this table. 


PIN ASSIGNMENTS 


MA1! 
MAo! 
OE! 

GND? 
ows! 


EMEN®/ 
CPURESET® 


jOW-/HRQ 
EBROM' 


IOCS16/RDYIN/ 
CDSETUP 


vec? 
EIO*/LCLK? 
ina! 
ALE*/ADS* 


IOCHRDY'/ 
VGARDY' 


Pin Assignments Table 

Pin Assignments Diagram 
Detailed Signal Descriptions 
Host Interface Pin Multiplexing 


47 - 
48 - 


ROMI16 
GNb? 


MEMCS16!/ 
LDEV' 


IOR2 WIR 
MRD2/M/IO* 
MWR2/D/CA 
vec? 


SYSRESETY 
RSET? 
BE3* 


A1°/BE2* 
BHE°/BE1¢ 
A0°/BEO°BLE* 


GND? 
A22 
A3* 


TABLE 4-1. PIN ASSIGNMENTS 


WD90C33 
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WD90C33 SIGNAL DESCRIPTIONS 


151 - MDET? 180 - VCLK2 
152 - EXVID@ 181 - Vcc? 
153 - No Connection 182 - EXPCLK@ 
154 - No Connection 183 - USR12 
155 - No Connection 184 - USRO@ 
156 - No Connection 185 - VCC? 


99- GND? 
100 - D27 
101 - D26 
102 - D25 
103 - D24 
104 - vec? 
105 - D23 
106 - D22 
107 - D21 
108 - D20 
109 - vcc? 
110- D19 
111-D18 
112 - D17 
113 - D16 
114 - GND? 
115-D15 
116-D14 
117- D13 
118 - D12 
119- vec? 
120-D11 
121 - D10 
NOTES: 


1 Indicates output only signal names. 
Indicates input only signal names. 


129 - vec? 
130 - D3 
131 - D2 
132- D1 
133 - DO 
134 - GND? 
135 - VSYNC! 
136 - HSYNC! 
137 - BDO 
138 - BD1 
139 - BD2 
140 - BD3 
141 - vec? 
142 - BD4 
143 - BD5 
144 - BD6 
145 - BD7 
146 - GND? 
147 - BA1! 
148 - BAO! 
149 - WPLT' 
150 - RPLT’ 


Indicates power distribution pins. 
Signal names not otherwise indicated are input/output. 
The direction of signal flow is relative to the WD90C33 controller. 


TABLE 4-1. PIN ASSIGNMENTS 
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157 - No Connection 
158 - No Connection 
159 - No Connection 


160 - GND? 
161 - PCLK! 
162 - BLNK! 
163 - ViDo' 
164 - viD1' 
165 - VID2! 
166 - VID3! 
167 - VCC? 
168 - VID4! 
169 - VIDS! 
170 - ViD6' 
171 - VID7! 
172 - GND? 


173 - No Connection 
174 - No Connection 
175 - No Connection 


176 - MCLK? 
177 - GND? 
178 - VCLKO* 
179 - VCLK1 
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186 - Wes '/CAS3!' 


187 - MD31 
188 - MD30 
189 - MD29 
190 - MD28 
191 - GND? 
192 - MD27 
193 - MD26 
194 - MD25 
195 - MD24 


196 - WE2'"/CAS2! 


197 - vec? 
198 - MD23 
199 - MD22 
200 - MD21 
201 - MD20 
202 - GND? 
203 - MD19 
204 - MD18 
205 - MD17 
206 - MD16 
207 - RAS! 
208 - VCC? 


SIGNAL DESCRIPTIONS WD90C33 


c. 
¢. 
Exvio 
MOET 
APLT 


a 


3 


WD90C33 


FIGURE 4-1. PIN ASSIGNMENTS 
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4.3 DETAILED SIGNAL DESCRIPTIONS 


The following tables provide detailed signal 
descriptions for the WD90C33 controller 208-pin 
package. The signal descriptions are listed by the 
pin number and mnemonic given in Table 4-1. The 
definitions are listed in functional groups. The 
functional groups are listed below: 

Display Memory Interface 

RAMDAC Interface 

Clock Selection 

User Program 

Feature Connector 

CRT Control 

Host CPU Bus Interface 

Power Distribution 

Unused Connections 


SIGNAL DESCRIPTIONS 


Where more than one signal name Is indicated on 
the same pin, the signal names are separated by 
a virgule (4 in Table 4-1. The pin usage, as 
described in Table 4-2, changes for each signal 
name depending upon which bus interface is 
used. 


1. When the AT bus is indicated, the signal 
description applies to an Industry Standard 
Architecture (ISA) bus compatible signal. 
The terms AT bus and ISA bus are used in- 
terchangeably unless otherwise indicated. 


2. When the local bus is indicated, the signal 
description apples to a VESA VL-bus Inter- 
face (local bus) compatible signal. 


3. Where no specific bus is indicated, the sig- 
nals are used in both bus modes. 


Table 4-2 lists and provides descriptions for the 
WD90C33 connector pins. 
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SIGNAL DESCRIPTIONS WD90C33 


PINT MNEMONIG [BUS] vO _~—-DESCRIPON 


Display Memory Interface (49 Pins) 


Row Address Strobe 
Strobe for the first 1 Mbyte of DRAM 


Row Address Strobe 2 
Strobe for the second 1 Mbyte of DRAM, only if 2M of 
DRAM memory are used. 


Write Enable 3 or Column Address Strobe 3 

if CNF17 = 1, WE3 is the write enable signal for MD[31 :24] 
If CNF17 = 0, CAS3 is the column address strobe for 
MD[31:24] 

Write Enable 2 or Column Address Strobe 2 

If CNF17 = 1, WE2 Is the write enable signal for MD[23:16] 
If CNF17 = 0, CAS2 is the column address strobe for 
MD[23:16] 


Write Enable 1 or Column Address Strobe 1 

If CNF17 = 1, WE1 is the write enable signal for MD[15:8] 
If CNF17 = 0, CAS1 is the column address strobe for 
MD[15:8] 


Write Enable 0 or Write Enable 


If CNF17 = 1, WEO is the write enable signal for MD[7:0] 
If CNF17 = 0, WE is the write enable signal for MD[31:0] 


Column Address Strobe or 
Column Address Strobe 0 


if CNF17 = 1, CAS is the column address strobe for 
MD([31:0]. 

If CNF17 = 0, CASO is the column address strobe for 
MD[7:0] 

Output Enable 

Output enable signal 


Memory Address 
Display memory DRAM address. For testing, these pins can 
be tristated by setting PR4 register Bit 4 to 1. 


*f four 64K by 16 DRAMs are used, and CNF16 = 0 at 
power-on or reset, MA8 is used as the RAS strobe for the 
second bank of DRAMs (see Figure 3-7). 


TABLE 4-2. SIGNAL DESCRIPTIONS 
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WD90C33 SIGNAL DESCRIPTIONS 


[PIN MNEMONIC [BUS[ VO_| _-DESCRIPTON—SC~*S 


Display Memory Data 

These lines are the data bus for the video display DRAMs. 
These data lines are pulled up by internal 50 Kohm resis- 
tors, but may be pulled down by external 4.7 Kohm resistors 
to provide configuration information during power-on and 
system reset as follows: 


MD FUNCTION CONFIGURATION[BIT] 
[31:30] VIOR/VIOW High/Low Duration CNF{31 30]! 
[29:28] VMWR/VMAD High Duration CNF[29:28}! 
[27:26] VMWR/VMAD Low Duration CNF[27:26]' 

25 Set BIOS In Local Bus Mode CNF[25]' 

24 Connect RAMDAC In Local Bus Mode CNF[24]! 

23 Enable Local Bus Interface CNF(23]! 


22 Select Pulse Width High/Low Duration CNF[22]' 
for IOR/IOW to RAMDAC; also Duration 


of EBROM MRD 

21 Select 386/486 Local Bus Interface  CNF[21]! 
20 Reserved CNF[20)' 
19 Reserved CNF[19]! 
18 Enable ROM16 as EXBLANK CNF{18]' 


17. Memory Write Control (CAS or WE) — CNF[17]! 
16 64K by 16 or 256K by 4 DRAMSelect CNF[16]! 


15 General Purpose, PR11[7] CNFI15]! 
14 General Purpose, PR11[6} CNFI14]! 
13. General Purpose, PR1 1[5] CNF{13]! 
12 General Purpose, PR11[4] CNF[12}! 
11 Select AT/Local Bus Mode CNF[11]! 
10 Set 16-Bit ROM, PR1[1] CNF[10]° 
9  Wake--up I/O Port 3C3h or 46E8h CNFI9]! 
8 General Purpose, PR5[3] CNF{8}° 
7 General Purpose, PR5[7] CNF[7]° 
6 General Purpose, PR5{6] CNF[6}* 
5 General Purpose, PR5(5] CNFI5]* 
4 General Purpose, PR5[4] CNFI4]* 
3 VCLK1, VCLK2 /O CNFI3]! 
2 Select AT Bus Mode CNFI2]' 
1 Select ROM Configuration CNFT{1]! 
0 BIOS ROM Mapping, PR1[0] CNFJO]* 
NOTES: 


1. Pulldown resistor sets these Bit to 0. 

2. Pulldown resistor sets these Bits to 1. 

3. CNF[31:20] have no effect unless Local bus mode is 
selected. (CNF 11=0) 

4. For addition information, refer to the Configuration 

Register descriptions in Section 9. 


TABLE 4-2. SIGNAL DESCRIPTIONS 
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SIGNAL DESCRIPTIONS WD90C33 


TINT MNEMONIG [BUS vO_| DESCRIPTION. SSS 


RAMDAC Interface (22 Pins) 


RAMDAC Address Bus 
A 2-Bit wide address bus to read/write the RAMDAC. 


RAMDAC Data Bus 

An 8-Bit wide data bus to read/ write the RAMDAC. 

NOTE: In Local Bus mode configuration, the BIOS EPROM 
data lines can be connected to this bus. 


Video 
Pixel video data output to DAC and to Feature Connector. 
These lines can drive an up to 10 mA load. 


Read Palette 

Video DAC register and color palette read signal for an 
external RAMDAC. Active low during 1/O read of addresses 
3C6h, 3C8h, and 3C9h. 


Write Palette 

Video DAC register and color palette write signal for an 
external RAMDAC. Active low during !/O write of addresses 
3C6h through 3C9h. 


Pixel Clock 

Video pixel clock used by the DAC to latch video signals 
VID7 through VIDO. Its source Is one of the video clock 
inputs (VCLKO, VCLK1, or VCLK2) as selected by the Mis- 
cellaneous Output Register. 


Blank 
Active low display monitor blanking pulse to external 
RAMDAC. 


TABLE 4-2. SIGNAL DESCRIPTIONS 
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WD90C33 SIGNAL DESCRIPTIONS 


Pen uwewowe [eus[ vo ____"vesenipniow 


Clock Selection (4 Pins) 
ae a 


Memory Clock 
; 7 


Provides VGA DRAM and system interface control timing. 
; ; 
: ; i 


183 | USR1 
184 | USRO 


Video Clock 0 
Provides video display clock for alphanumeric and graphics 
display modes. Typically, VCLKO is 25.175 MHz to display 
640 pixels per horizontal display line. VCLKO is selected as 
the clock when VCLK1 and VCLK2 are used as inputs and 
Miscellaneous Output register Bits 2 and 3 are both set to 0. 


Video Clock 1 
Provides a second video clock input or an output to an 
external clock selection module. The diraction is determined 
at Reset by a pull-up or pull-down resistor on MD3. Typi- 
cally, VCLK1 is 28.322 MHz to display 720 pixels per hori- 
zontal display line. As an output, VCLK1 is an active low 
pulse during !/O writes to port 3C2h, or reflects the contents 
of 3C2h (Miscellaneous Output Register, Bit 2). For addition 
information, refer to the Configuration Register and PR15 
register Bit 5 descriptions. 


Video Clock 2 
Provides a third video clock input or an output to an external 
clock selection module. The direction is programmed simul- 
taneously with VCLK1. VCLK2 performs as a user-defined 
external clock input, an output reflecting the state of PR2 
register Bit 1, or reflects the contents of port 3C2h (Miscella- 
neous Output Register, Bit 2). For addition Information, refer 
to the Configuration Register and PR15 register Bit 5 
descriptions. 
User Program (2 Pins) 


User Programmable Outputs 
Either or both outputs may be used to control a system fea- 
ture of special device. 


Feature Connector (2 Pins) 


Enable External Video Data 
A feature connector input. A low tristates video data lines 
ViD7:0. An internal puliup resistor is provided. 


Enable External Pixel Clock 


EXVID Active 
Low 
Input 
EXPCLK Active 
A feature connector input. A low tristates the PCLK output. 
An internal pullup resistor is provided. 


TABLE 4-2. SIGNAL DESCRIPTIONS 
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SIGNAL DESCRIPTIONS WD90C33 


PIN MNEMONIC[BUS[_vO_| ‘DESCRIPTION ——SC~S~S 


CRT Control (3 Pins) 


Horizontal Sync 

Display monitor horizontal synchronization pulse. Active 
high or low depending upon the Miscellaneous Output Reg- 
ister programming. 


Vertical Sync 
Display monitor vertical synchronization pulse. Active high 
or low depending upon the Miscellaneous Output Register 
programming. 


Monitor Detect 
When the RAMDAC is external, MDET is used to determine 
the monitor type. MDET can be read at port 3C2h, Bit 4. 


System Address Bus Bit 31 through 24 

Address Bus Bits 31 through 24 for the 32-Bit Local bus 
interface. These pins are not connected for AT bus compat- 
ible systems. 


System Address Bus Bits 23 through 17 
Address Bus Bits 23 through 17 for the 32-Bit Local bus 
interface. 


System Address Bus Bits 23 through 17 
For the AT bus, A17 through A23 are connected to LA23 
through LA17 to provide a 24-Bit AT address bus. 


TABLE 4-2. SIGNAL DESCRIPTIONS 
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WD90C33 SIGNAL DESCRIPTIONS 


TPIN[ MNEMONIC [BUS] VO ~—~—-ESCRIPON—SSSC=*S 


System Address Bus Bits 16 through 2 
Address Bus Bits 16 through 2 for all bus operating modes. 


System Address Bus Bit 1 
For AT bus mode operation, A1 provides Address Bus Bit 1. 


Byte Enable 2 


In Local bus mode, BE2 provides Byte Enable for data Bits 
D23 through D16. 


System Address Bus Bit 0 
For AT bus mode operation, AO provides Address Bus Bit 0. 


Byte Low Enable 

In Local bus mode for 386SX only, this line is connected to 
the BLE line from the CPU to enable the low byte for data 
transfers. 


Byte Enable 0 
in normal Local bus mode, BEO provides Byte Enable for 
data Bits D7 through DO. 


Byte Enable 1 

In Local bus mode, BE1 provides Byte Enable for data Bits 
D15 through 8. 

Byte High Enable 

For AT bus mode operation, this line is connected to the 


BHE line from the CPU to enable the high byte for data 
transfers. 


TABLE 4-2. SIGNAL DESCRIPTIONS 
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SIGNAL DESCRIPTIONS 


High or 
Low 
Input 


WD90C33 


Byte Enable 3 

In Local bus mode, BE3 provides Byte Enable for data Bits 
D31 through D24. 

If 386 mode is selected (CNF21 = 0 at power-on or reset): 
A pullup resistor on pin 55 will set the interface for a 16-Bit 
CPU (386sx). 

A pulldown resistor on pin 55 will set the interface for a 32- 
Bit CPU (386dx) 

When 486 mode is selected (CNF21 = 1 at power-on or 
reset), the 32-Bit CPU interface is selected and the state of 
BES has no effect. 

BES is not used in AT modes. 


Address Data Strobe 
Local bus address data strobe connected to the ADS pin on 
the CPU. 


Address Latch Enable 
In AT mode, A23 through A17 [LA23:LA17] are latched 
internally at the falling edge of ALE. 


Memory or VO Cycle 
Indicator for memory or !/O cycle. Low indicates !/O cycle; 
high indicates memory cycle. 


Memory Read 
In AT mode, MRD is the memory read strobe. 


Data or Command Cycle 
Data or command cycle indicator. Low indicates command 
cycle; high indicates a data cycle. 


Memory Write 
In AT mode, MWR is the memory write strobe. 


Write or Read Cycle 
Write or read cycle indicator. Low indicates a read cycle; 
high indicates a write cycle. 


VORead 
in AT mode, IOR provides an I/O read strobe. 


TABLE 4-2. SIGNAL DESCRIPTIONS 


| vo | DESCRIPTION 
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SIGNAL DESCRIPTIONS 


[PIN MNEMONC[BUS[ VO [DESCRIPTION Si 


SYSRESET 


Hold Request 

Indicates that a system bus request was recelved viaa 
REFRESH, DMA, or MASTER signal. The processor 
responds by asserting a HOLD ACKNOWLEDGE after 
relinquishing the bus. 


VO Write 
In AT mode, IOW provides an I/O write strobe. 


Processor Clock 

Normal clock Input from 80486; for 80386, this is CPU- 
CLK2, which the WD90C33 divides internally to drive other 
logic. 


Enable 1/O a 
In AT mode, ElO enables address decoding and is con- 
nected to AEN (address Enable). 


System Reset 

For local bus, MCLK and VCLKO must be connected to ini- 
tialize the WD90C33 during power-on and reset. Western 
Digital configuration Bits are initialized at power-on and 
reset, based on the logic levels of display memory data Bits 
MD31 through MDO bus, as determined by puliup and pull- 
down resistors. The reset pulse width should be at least 10 
MCLK clock periods. 


System Reset 

For AT bus operation, MCLK and VCLKO must be con- 
nected to initialize the WD90C33 during power-on and 
reset. Western Digital configuration Bits are initialized at 
power-on and reset, based on the logic levels of display 
memory data Bits MD31 through MDO bus, as determined 
by pullup and pulldown resistors. The reset pulse width 
should be at least 10 MCLK clock periods. 


TABLE 4-2. SIGNAL DESCRIPTIONS 
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SIGNAL DESCRIPTIONS WD90C33 


[ra[wasone [oie [vo __ pene 


Data Bus Bits 31 through 16 

System data lines connect to host CPU data bus D[31:16]. 
In AT mode, the BIOS EPROM can be connected to this 
bus. Then, the BIOS data will be sent to the host via D[15:0] 


Data Bus Bits 15 through 0 
System data lines connect to the host CPU or system data 
bus D[15:0]. 


Local Bus VGA Cycle 
Indicates a local bus VGA cycle. System controllers should 
not respond to this cycle. 


MEMCS16 AT Memory Chip Select, 16 Bits 
In AT mode, MEMCS‘16 indicates to the host that the 
WDS0C33 is ready to perform a requested 16-Bit video 
memory data transfer. 


TABLE 4-2. SIGNAL DESCRIPTIONS 
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WD90C33 SIGNAL DESCRIPTIONS 


CIC. DESCRIPTION 


47 | ROMi6 BIOS ROM Select, 16 Bits 

or In AT mode when CNF18=1, ROM16 decodes ROM 
EXBLANK 

Ft CPURESET 


EXBLANK. EXBLANK « 0 will tristate the BLNK, HSYNC, 
and VSYNC outputs. 


CPU Reset 

Provides a synchronous reset to the CPU, and Is used to 
generate an internal CLK to maintain phase of CLK2 in sync 
with 80386DX and 80386SX CPUs. 


This pin is not used for the 80486 interface. 


Enable Memory 
In AT mode, EMEM enables memory decoding. Normally it 
is connected to REFRESH. 


Zero Walt State 
in AT mode, OWS is asserted to generate a zero wait state. 
It is controlled by PR33 register Bits 7 and 6. Refer to the 

PR33 description for additional information. 


VGA Ready 
Ready signal to host CPU. This signal can be connected 
directly to the ready input of the CPU or connected in com- 
bination with other local bus slaves. When not active, this 
signal is tristated. 


VO Channel! Ready 
in AT mode, IOCHRDY indicates to the host processor that 
the requested memory or I/O access is complete. When 

IOCHRDY is low, the video controller is not able to immedi- 
ately complete a requested memory or I/O access and that 
causes the host processor to wait. 


address (LA23-LA17) for space OC0000h through 
ODFFFFh. Also, it can be combined externally with A16 and 


A1i5 to control] MEMCS16 for address space C0000h 
VGARDY 


through C7FFFh. When CNF18=0, this pin becomes input 
IOCHRDY 


Ready Input 
For Local bus mode, RDYIN provides the final CPURDY 
feedback to the WD90C33 to terminate its local bus cycle. 


VO Chip Select, 16 Bits 
In AT mode, |OCS16 indicates to the host that the 

WDS80C33 is ready to perform a requested 16-Bit I/O 
accesses. 


TABLE 4-2. SIGNAL DESCRIPTIONS 
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SIGNAL DESCRIPTIONS WD90C33 


feus] vO ———~iDESCRIPTION SS 


Enable BIOS ROM 

Active low to enable BIOS ROM (C0000h through C7FFFh) 
if enabled by PR1 register, Bit 0. A write to WD90C33 inter- 
nal !/O port 46E8h causes EBROM to be used as a write 
strobe for an external register used in BIOS ROM page 
mapping. 

Interrupt Request 

For Local and AT bus modes, IRQ provides a programma- 
ble interrupt request to the host CPU. The interrupt request 
is enable by Vertical Retrace End Register, Bit 5. When the 
end of vertical display occurs, this signal is active, request- 
ing an interrupt, and it stays active until cleared by CRTC11 
register Bit 4. 


Power Distribution (35 Pins) 


+5 VDC 
Power supply pins. 
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WD90C33 SIGNAL DESCRIPTIONS 


| vo | DESCRIPTION 


Ground 
Power return pins. 


| Unused Connections (10Pins) = sid Connections (10 | Unused Connections (10Pins) = sid 


These pins are not connected to internal circuits of the 
WD90C33 controller. They are reserved for future use. 


TABLE 4-2. SIGNAL DESCRIPTIONS 
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SIGNAL DESCRIPTIONS WD90C33 


44 HOST INTERFACE PIN MULTIPLEXING 


Table 4-3 lists the WD90C33 connector pins that have more than one signal mnemonic depending on the 
host system bus structure where the video controller is used. 


4 cane 
INTERFACE AT BUS 

a a ee 
| 38 fcpuneser 0 EMEM 
Ue ~1 
| 40s] EBRROM, EBROM 

| 4s LCL 


VGARDY 


lIOCHRDY 


LDEV MEMCS16 


SYSRESET 


Not Used 


| 


ALE 
MWR 
RSET 
BHE 


7 
BEO or BLE* 
-86 


4 

93 A[31:24] Not Used 
84-81, 79-76, | A[23:2] A[23:2] 
74-67, 65-60 

95-98, 100- D[31:16] 

103, 105-108, (For BIOS EPROM data 
110-113 input) 

115-118, 120- 

123, 125-128, 
130-133 


* The signal on pin 58 is BLE for 386SX and BEO for all others. 


TABLE 4-3. HOST INTERFACE PIN MULTIPLEXING 
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5.0 VGA/EGA REGISTERS 


All the standard IBM registers incorporated inside 
the WD90C33 are functionally equivalent to the 
VGA implementation, while additional Western 
Digital registers enhance the video subsystem. 
Compatibility registers provide functional 
equivalence for AT&T, Hercules, MDA and CGA 
standards, which were previously defined for the 
6845 CRT Controller. This section describes the 
VGAJEGA registers. 


5.1 EGA MODE ENTRY 


A brief description of the procedure for entering 
EGA mode of operation is provided here. The 
actual software implementation details are not 
covered in this procedure. 


e oad Configuration Register Bit 8. Select logic 
0 for a VGA-compatible PS/2 display or logic 1 
for an EGA-compatible TTL monitor by using 
the appropriate pull-up or pull-down resistor 
on MD11. A pull-up resistor on MD11 causes 
CNF(8) to be latched with logic 0 for analog 
PS/2 compatible displays. This status infor- 
mation signifies the type of monitor attached 
to the system and is available to the BIOS or 
application. 
Unlock all the PR registers 
Program PR2(6) to 0 for EGA mode 
Set PR4 Bit 1 to logic 1 for EGA compatibility 
Load PR11[7:4] with EGA Configuration 
switches by using pull-up or pull-down resis- 
tors on Pins MD[15:12] (A pull-up resistor 
causes logic 1 to be latched after power-on- 
reset.) 
e The EGA switch setting may then be read 
from PR11[7:4] at I/O Port 3C2h Bit 4 
e {f EGA mode is to be emulated on an IBM PS/ 


VGA/EGA REGISTERS 


2 analog display, follow the suggested steps 
listed below: 


- Initialize all the registers 
- Lock CRT controller registers 


- Force clock control rate of the CRT con- 
troller 


¢ Set EGA emulation mode by programming: 

- PR11(3) = 1; Set EGA emulation on PS/2 
type display 

- PR14(6) = 1; Vertical double scan 

- PR11(2) = 1; Lock clock select 

- PR11(0) = 1; Lock 8/9 dot timing 

- PR14(7) = 1; Enable IRQ (optional) 

- Lock the PR registers PRO through PR5 
and PR10 through PR17 


- Read protect PR registers 


e When EGA is required on a TTL monitor, the 
suggested steps are: 


- Initialize all the registers 
- Set EGA TTL mode by programming: 
e PR11(3) = 0; EGA TTL 
e PR14(7) = 1; Enable IRQ 
e PR15(6) = 1; Set Low Clock 
e PR14(7) = 1; Enable IRQ 


e Lock PR registers PRO through PR5 
and PR10 through PR17 


© Read protect PR registers 


Tables 5-1 and 5-2 summarize the VGA and EGA 
mode registers, respectively. For information 
about the PR registers, refer to Section 7. 


5.2 VGA REGISTER SUMMARY 
Table 5-1 lists the VGA registers. 
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VGA/EGA REGISTERS WD90C33 


[____neaistens’ | RW? | MONO | COLOR | INDEX 


General Registers 
Miscellaneous Output Register Tw | sca] sce | | 


eae Lc a 
‘inpot Status RegistorO—~—~—S~*~‘“‘~*~*sdCSCSCROC*YY aca «deh | 


[input Status Register? | RO BAT DAT 


Feature Control Register fw | sea | aoa SCS 

PR | sca | 3cA |_| 

[Video Subsystem EnableRegister® | =RW | —3C8 acs] Cd 
Sequencer Registers 

[SequencerindexRegister S| SWC cc 

[SequencerDataRegister———=SSC«dT=SCAW COSC 


CRT Controller Registers 
Index Register 
CRT Controller Data Register 


wo 

‘ 

m 

i i 
= 
at 
rr) 
= 9 


Graphics Controller Registers 
CE 


SCF 3CF 
Attribute Controller Registers 
Index Register 3C0 3C0 
Attribute Controller Data Register | WwW | 3co |  3Co | OOdh14h | 
| oR 


Video DAC Palette Registers” 
Write Address 


Pc 
Read Address | Ww | 
DAC Sate a 
| RW 
Pel Mask 3C6 3C6 fe es 


Drawing Engine Registers 
index Control 
[Register AccessPot—SSSSCSCSC*C*~éidESC*éRW~==«d*éCégreaca | 2acameaca 
[Host BitBlock Transfer (HBLT) Blocks 1and2__| AW | 2acaresc7 | 2aCareac7 | Sections 
[Line Draw ConstantRegister —=SSSS«|~=CRW__| 2ceraacc | 2aceacc | '2and 13. 
[Command Buffer and InteruptControl___—=«Y_=—sAW —_—‘| 23CE/@3CF | 2aCE/2aCF | 
NOTES: 


1. All Register addresses are in hexadecimal. 

2. RO = Read-Only, RW = Read/Write, W = Write, and R = Read. 

3. VO Port 3C3h can be used to replace 46E8h [if CNF(9) = 0] for setup in AT mode. 
4. PR16(0) = 1 locks these registers. 


TABLE 5-1. VGA REGISTERS SUMMARY 


Index Register 
Other Graphics Registers 
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5.3 EGA REGISTER SUMMARY 
Table 5-2 lists the EGA registers. 


[ REGISTERS’ | RW? | WONO | COLOR | INDEX | 


General Registers 


Sequencer Registers 


Sequencer Index Register 
305 


3C4 
04h 


CAT Controller Registers 


indexRegister | CRW] 


CRT Controller Data Register RW 00h, 03h, 
05h:07h, 
09h:0Bh, 

: 10h, 11h, 
14h, 16h, 
17h 


Graphics Controller Registers , 


indexRegister | wT tce =| ce | 

[Other Graphics Registers | AW | ack | acr | oahcosh | 
Attribute Controller Registers 

index Register | Ww co | aco | 

Attribute Controller Data Register | ow | sco | aco | oon:3h | 

pk | scr | acs | 


NOTES: 
1. All Register addresses are in hexadecimal. 
2. RO = Read-Only, WO = Write Only, RW = Read/Write, W = Write, and R = Read. 
3. Miscellaneous Output Register Bit 0 = 0, “B” in Monochrome modes 
Miscellaneous Output Register Bit 0 = 1, “D” in Color modes 
4. This table lists the registers that differ from VGA mode. The registers not listed are the 
same in VGA and EGA modes. 


TABLE 5-2. EGA REGISTERS SUMMARY 


34 ADVANCED INFORMATION 5/2793 a3 


VGA/EGA REGISTERS 


5.4 GENERAL REGISTERS 


READ | WRITE 
REGISTER NAME PORT PORT 


[input Status Register| 3c2_| 
| 37a | | 
CA 


Input Status Register 1 


NOTES 
1. Reserved Bits should be set to zero. 


2. “2” Value is controlled by Bit 0 of the 
Miscellaneous Output Register and is 
programmed as follows: 

0 = B in Monochrome Modes 
1 = D in Color Modes 


3. Unless specifically identified, the 
descriptions apply to both VGA and 
EGA. 


5.4.1. Miscellaneous Output Register 


VGA - Read Port = 3CCh 
VGA/JEGA - Write Port = 3C2h 


er [FUNCTION 
rs | Horizontal Syne Potarty Select 
[5 | OddrEven Memory Page Select 
Ca 
rae | 
io 
lo | 


Reserved 


Video Clock Select 
Enable Video RAM 
VO Address Select 


Bit 7 - Vertical Sync Polarity Selection 
This Bit is locked if PR3(7) = 1 


0 = Positive vertical sync polarity 
1 = Negative vertical sync polarity 
Bit 6 - Horizontal Sync Polarity Selection 


This Bit is locked if PR3(6) = 1 


0 = Positive horizontal sync polarity 
1 = Negative horizontal sync polarity 
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The vertical and horizontal sync polarity Bits (Bits 
7:6) should be set to conform with the vertical size 
of the frame used by the monitor. 


VERTICAL FRAME SIZE 


Pte ee 

po | 0 [Reseed 

| 0 | 1 [40otines/scan 

| 1 | 0 {3504 
ae 


350 lines/scan 
480 lines/scan 


Bit 5 - Odd or Even Memory Page Select 


When in modes 0 through 5, one memory page is 
selected from the two 64 Kbyte pages. 


0 = Lower page is selected 
1 = Upper page is selected 
Bit 4 


Reserved. 
Bits [3:2] - Video Clock Select 


These Bits are locked if PR11(2) = 1 or if PR2(1) 
= 1 and CNF(3) =0. 


00 = Selects VCLKO for VGA/EGA applications. 
For VGA, can be connected to allow 640 
dots/line (25.175 MHz). For EGA, 14.318 
MHz is selected. 

01 = Selects VCLK1 for VGA/EGA applications 
if Configuration Register Bit 3 = 0. For 
VGA, can be connected to allow 720 dots/ 
line (28.322 MHz). For EGA, 16.257 MHz 
clock is selected. ‘ 

10 = Selects VCLK2 (external user defined 
input) if Configuration Register Bit 3 = 0. 

11 = Reserved. Also selects VCLK2 (external 
user defined input) if Configuration 
Register Bit 3 = 0. 

Bit 1 - VGA- System Processor Video RAM 
Access Enable 


0 = CPU access disabled 
1 = CPU access enabled 
- EGA - Reserved 
Bit 0 - CRT Controller I/O Address Range 
Selection 


Selection for Monochrome (3B4 and 385), or 
Color (3D4 and 3D5) mode. Bit 0 also maps Input 
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Status Register 1 at MDA (3BA) or CGA (3DA). 


O = CRTC and status addresses for MDA mode 
(3BX) 

1 = CRTC and status addresses for CGA mode 
(3DX) 


5.4.2 input Status Register 0 
Read Only Port = 3C2h 


Der [_FINGHON 
[6s | Reseved 
| 3:0 | 


Monitor Detect Bit for Color/ Mono- 
chrome Display 


Reserved 


Bit 7 - CRT Vertical Retrace Interrupt 
Pending or Cleared 
0 = Vertical retrace interrupt cleared 
1 = Vertical retrace interrupt pending 
Bits [6:5] 
Reserved. 
Bit 4 - VGA Mode - Monitor Detection 


MDET monitor status is sampled and can be read 
from this Bit. 


0 = Monochrome 
1 = Color 


- EGA Mode - Configuration Switches 
Sw4-SwWi1 


The information stored in the four configuration 
switches In PR11 can be read at this Bit if the 
EGA compatibility Bit PR4(1) has been set to 1. 
Selection of the Bit to be read is determined by 
Bits 3 and 2 of the Miscellaneous Output Register 
3C2h as follows. 


VGA/EGA REGISTERS 


READ 
3C2h 
Bit 4 


| Bits | Bit2 | 

| 0 | 0 | PRIN) =EGASWS 
| o | 1 |PRiV6)-EGASWs | 
_ 1 | o | PRis)-EGASWwe | 
| 1 | 1 | PRI) EGASWI 


These Bits may be used as general purpose 
scratch Bits. 


Bits [3:0] 
Reserved. In EGA mode they must be set to 1. 


5.4.3 Input Status Register 1 

Read Only Port = 37Ah 

| err | FUNCTION, 
| 8:4 | Diagnostic 
| 3 | VorticalRetrace 
| 21 | Resoved 
[0 | Disply Enabie 


Bits [7:6] 
Reserved. In EGA mode, Bit 6 must be set to 1. 
Bits [5:4] - Color Plane Diagnostics 


These Bits return two of the eight video outputs 
VID7 through VIDO, as selected by Color Plane 
Enable Register Bits 5 and 4 (refer to Section 
5.8.6.) 


Bit 3 - Vertical Retrace Status 


O = Vertical frame is displayed 
1 = Vertical retrace is active 
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Bits [2:1] 
Reserved. In EGA mode Bit 2 must be set to 1. 
Bit 0 - Display Enable Status 

0 = CRT screen display in process 


1 = CRT screen display disabled for horizontal 
or vertical retrace interval 


5.4.4 Feature Control Register 


VGA - Read Port = 3CAh 
VGA/EGA - Write Port = 3?Ah 


Bits [7:4] 
Reserved 


Bit 3 - VGA- Vertical Sync Control 


0 = VSYNC output enabled 
1 = VSYNC output is logical “OR” of VSYNC 
and Vertical Display Enable 


- EGA - Reserved 
Bits [2:0] 
Reserved 


5.5 SEQUENCER REGISTERS 


[PORT | INDEX| NAME 
}acan | -—- | Sequencer index 
jscsn_| 00 | Reset 
scsh_| 01 | GlockingMode 
jscsh_| 02 | MapMask 
Jscsn_| 03 | Character Map Select 
jscsh_| 04 | Memory Mode 


NOTE 
Reserved Bits should be set to zero. 
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5.5.1 Sequencer Index Register 
VGA/EGA - Read/Write Port = 3C4h 


jer | FuNcTioN 
[40 | Sequencer Address/index Bits | 
Bits [7:5] 

Reserved. 

Bits [4:0] - Sequencer Address/Index 


The Sequencer Address Register is written with 
the index value (00h-04h) of the Sequencer 
Register to be accessed. Sequencer extension 
registers are also indexed by this register. 


5.5.2 Reset Register 


VGA/EGA - Read/Write Port = 3C5h, 
Index = 00h 


Synchronous Reset 
Asynchronous Reset 


Bits [7:2] 
Reserved. 


ar | 
ies 
Cal 


Bit 1 - Synchronous Reset 
0 = Sequencer is cleared and halted 
synchronously 
1 = Operational mode (Bit O = 1) 
Bit 0 - Asynchronous Reset 


0 = Sequencer is cleared and halted 
asynchronously 


1 = Operational mode (Bit 1 = 1) 
NOTE 


Both Bits 1 and 0 must be set to 1 for 
Operational mode. 
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5.5.3 Clocking Mode Register 
Read/Write Port = 3C5h, Index = O1h 


Bits 5:2 are locked if PR11(1) = 1. They appear 
unlocked during reads. 


Bits [7:6] 
Reserved. 


Bit 5 - VGA- Screen Off 
0 = Normal screen operation 
1 = Screen is turned off but SYNC signals 
remain active. (This Bit may be used to 
provide maximum display memory 
bandwidth for quick full screen updates.) 
- EGA - Reserved 
Bit 4 - VGA - Video Serial Shift Register 
Loading 
0 = Serial shift registers loaded every character 
or every other character clock depending on 
Bit 2 
1 = Serial shift registers loaded every 4th 
character clock (32-Bit fetches) 
- EGA - Reserved 
Bit 3 - Dot Clock Selection 
0 = Normal dot clock selected by VCLK input 
frequency 
1 = Dot Clock divided by 2 (320/360 pixels) 
Bit 2 - Shift Load (Effective Only If Bit 4 = 0) 
0 = Video serializers are loaded every character 
clock 
1 = Video serializers are loaded every other 
character clock 
Bit 1 


Reserved. In EGA mode Bit 1 must be set to 0. 


Bit 0 - 8/9 Dot Clock 


Commands Sequencer to generate an eight or 
nine dot wide character clock. 


This Bit is locked if PR11(0) = 1 


0 = Nine dot wide character clock 
1 = Eight dot wide character clock 


5.5.4 Map Mask Reg/lster 


VGA/JEGA - Read/Write Port = 3C5h, 
Index = 02h 


Cer [FUNCTION __— 
| 3:0 | Map3:0Enable 
Bits [7:4] 
Reserved. 


Bits [3:0] - Enables Writing to Memory 
Maps 3 Through 0, Respectively 
0 = Writing to respective Memory Map disabled 
1 = Writing to respective Memory Map enabled 


5.5.5 Character Map Select Register 
Read/Write Port = 3C5h, Index = 03h 


Bits 5:0 are locked if PR11(1) = 1. They appear 
unlocked during reads. 


Bir | FUNCTION, 
|5,3,2 | Character Map Select ABits 2:0 
[41,0 | Character Map Solect B Bits 2:0 


lf Sequencer Register 4, Bit 1 = 1, then the 
attribute byte Bit 3 in text modes is redefined to 
contro! switching between character sets. A “O" 
selects Character Map B. A “1” selects Character 
Map A. Character Map selection from either Plane 
2 or Plane 3 is determined by PR2(2), PR2(5) and 
Bit 4 of the attribute code. 


Bits [7:6] 
Reserved. VGA 
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Bits [7:4] 
Reserved. EGA 
Bits 5, 3, 2 - VGA - Character Map A Select 


These Bits select the location of Character Map A 
as follows: 


=TSTE|mar| GnSvoceton 
fo fo fe] 0 [Wexspe nex 
foto tr [+ [avaraye sec 
fof [a] 2 [arenes —— 
fof 3 [mexane sea 
Tope [ + [aie Kaposia 
fol [= [ate apes 
ofr e[« [ene ner sea 
PoErE+ 17 Lae kare i 


Bits [3:2] - EGA - Character Map A Select 


These Bits select the location of Character Map A 
as shown below. 


ate FONT/PLANE 2 
LOCATION 


nae ee 
fo] 1] 1 | andsksyte Block | 
[1] o| 2 | siaKpyte Block | 
jt ]1] 3 | stheksyte Block 
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Bits 4, 1,0 - VGA - Character Map B Select 


These Bits select the location of Character Map B 
as shown below. 


aaa) een 
4iifo. LOCATION 

fol ol o| o | tstaKByteBlock | 
fofo{ 1] 1 | srdekByteBlock 
fo[1{o| 2 | sthekpyteBlock  —_—| 
fo} 1{ 1] 3 | 7thekByteBlck __ 
fi] o| 0] 4 | 2ndskByteBlock 
Fifo[ 1] 5 | 4thekByteBlock 
i] 1{ 0] 6 | 6theKByteBlck  __ 
i] 1] 4] 7 | stheksyte Block 


Bits [1:0] - EGA -~- Character Map B Select 


These Bits select the location of Character Map B 
as shown below. 


ul 
LOCATION 
eee eT. oC aa 
pol i{ 1 | andsksye Block 
fi{o| 2 | sdeksye Block 
fiti[ 3 | sthexsyte Block 


NOTE 
Character Map selection from Plane 2 is 
determined by Bit 3 of the attribute code. 
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5.5.6 Memory Mode Register 

Read/Write Port = 3C5h, Index = 04h 
| Bir | FUNCTION, 
| 3 [chang 
Ee 
| 0 [Reserved 


- EGA - Reserved 
Bit 2 - VGA/EGA - Odd/Even Map Selection 


Bits [7:4] O = Even processor addresses to access Maps 
. 0 and 2 (Odd processor addresses to 
Reserved. access Maps 1 and 3) 
Bit 3- VGA- Chains Four M 1 = Sequential processor access as defined by 
tS SOM oul mene Map Mask Register 
O = Processor sequentially accesses data using Bit 1- VGA/EGA - Extended Video Memory 
Map Mask Register 0 = 64 KB of vid 
1 = Directs the two lower order video Memory = viceo Memory 
Address pins (MA1, MAO) to select the map 1 = Greater than 64 KB of memory for VGA/ 
to be addressed. The map selection is given EGA modes 
in the following list: Bit 0 - VGA - Reserved 


- EGA - Alpha Mode 


0 = Disables Alpha modes and enables non- 
Alpha modes 


1 = Alpha mode is active and character map 
selection is enabled 
5.6 CRT CONTROLLER REGISTERS 
Table 5-3 lists the CRT Controller registers and their equivalent 6845 registers, if applicable. 


[PoRT’ [INDEX| VGAEGAREGISTERNAME | _68457REGISTERNAME 
ee ae CT a 
[3s [00 | Horizontal Total | Hotizontal Tora 
[395 [of | Horizontal Display Enable End | Horizontal Display 
[35 [02 | StartHorzontal Blanking | Seonoiea 
[295 | 05 | EndHorzontal Blanking | Seonotea 
[396 | 04 | StartHorizontalRetrace _—‘[Seonoioa 
[9s | 05? | end Horizontal Retrace ‘| Seenotea SS 
[39608 | Vorical Tota——=SSSS*~*d Voie Diaplay 
See note 4 

[396 [08 | Preset Row Scan =~ See mt 
[395 | 08? [Maximum Scan Line | Maximum Scan Line Adoress 
[375 | 0a? | Block Cursor Stat _———~*( Cursors 


TABLE 5-3. CRT CONTROLLER REGISTERS 
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NOTES: 


programmed as follows: 


following the table of contents. 
EGA mode. 


mode. 
Reserved Bits should be set to zero. 


[ PORT’ [INDEX | VGNEGAREGISTERNAME | _60457REGISTERNAME 
[es | 0B? | Block cursor End «Curren 
[rs | 00 | Stan Address High __——_*| Stan Address High 
[36 | 00 | Stan Adress Low | Stan Address Low 
[32s | 0 | Block Cursor Location Figh | Cursor Location High 
[2s | 10° | Vertical Retraco Stat | Ught Pen High Read 
[ars [119 | Vertical Retraco End | Ught Pon Low Read 
[39s [12 | Vertical Display Enablo End | Seonotea CS 
[es [18 [ott ———SSSCSS~*~*dr Sones SCS 
[97s [16 | Stan Vorical Blank [ Seonctes 
[37s [18 [tne Gomparo ~~ Seonotes 


1. The value of ? is controlled by Miscellaneous Output Register, Bit 0. Bit 0 is 
When Bit 0 is set to 0, ? = B and is used in Monochrome modes. 
When Bit 0 Is set to 1, ? = C and is used in Color modes. 
For detailed descriptions of the 6845 Mode Registers refer to the literature listed 


2 

3. Parameters for these registers vary depending on whether they are used in VGA or 
4. This register can be programmed in VGA/EGA mode only. It is not applicable in 6845 
5 


TABLE 5-3. CRT CONTROLLER REGISTERS 


5.6.1 CRT Register Index 


Read/Write Port = 374h 


| 4:0 | indexBits 
Bits [7:5]) 

Reserved. 

Bits [4:0] - CRT Register Index Bits 


These Bits specify the CRT Controller register to 
be addressed. Its value is programmed in 
hexadecimal. 


5.62 Horizontal Total Register 
Read/Write Port = 375h, Index = 00h 


This register is locked if register PR3(5) = 1 or the 
Vertical Retrace End Register Bit 7 = 1. The Bit 8 
of horizontal total is located at PR18 Bit 5. 


[er [FUNCTION 


Bits [7:0] - VGA - Count Plus Retrace Less 
Five 


- EGA - Count Plus Retrace Less Two 


The total character count is the total number of 
characters including retrace time per horizontal 


SD a ea NE a a I I A I TIT OT OE IT, 
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scan line, less 5 in VGA mode, less 2 in EGA 
mode. 


5.6.3 Horizontal Display Enable 
End Reglster 


Read/Write Port = 3?75h, Index Oth 


This register is locked if register PR3(5) = 1 or the 
Vertical Retrace End Register Bit 7 = 1. 


Displayed Characters per Scan Line 


Bits [7:0] - Number of Displayed Characters 
= Less One 


This register contains the total number of 
displayed characters less one. 


5.6.4 Start Horizontal Blanking Register 
Read/Write Port = 3?75h, Index = 02h 


This register is locked if register PR3(5) = 1 or the 
Vertical Retrace End Register Bit 7 = 1. 


Start Horizontal Blanking 


Horizontal blanking begins when the horizontal 
character counter reaches the value written in this 
register. 


5.6.5 End Horizontal Blanking 
Read/Write Port = 3?5h, Index = 03h 


This register is locked if register PR3(5) = 1 or the 
Vertical Retrace End Register Bit 7 = 1. 


| 6:5 | Display Enable Signal Skew Control 
| 4:0. | End Horizontal Blanking (lower 5 Bits) 


Reserved 


VGA/EGA REGISTERS 


Bits [6:5] - Display Enable Signal Skew 
Control 


These Bits define the display enable signal skew 
time in relation to horizontal synchronization 
pulses. 


CHARACTER 
CLOCK SKEW 


Bits [4:0] - End Horizontal Blanking 
- VGA Mode 


These five Bits, along with Bit 7 of the End 
Horizontal Retrace Register (Index 05h), 
determine when horizontal blanking is to end. Bits 
4:0 are the least significant Bits, Bit 7 is the most 
significant Bit. 

When the least significant six Bits of the 
Horizontal Character Counter matches these six 
Bits, the horizontal blanking ends. 


- EGA Mode 


These five Bits, determine when _ horizontal 
blanking is to end. When the least significant five 
Bits of the Horizontal Character Counter matches 
these five Bits, the horizontal blanking ends. 


5.6.6 Start Horizontal Retrace 
Pulse Register 
Read/Write Port = 3?75h, Index = 04h 


This register is locked if register PR3(5) = 1 or the 
Vertical Retrace End Register Bit 7 = 1. 


Bir | FUNCTION, 


7:0 Start Horizontal Retrace Character 
Count 


Bits [7:0] - Start Horizontal Retrace Character 
Count 


The character count at which the horizontal 
retrace output is to become active is programmed 
in this register as a hexadecimal value. 
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5.6.7. End Horizontal Retrace Register 
Read/Write Port = 375h, Index = 05h 


This register Is locked if register PR3(5) = 1 or the 
Vertical Retrace End Register Bit 7 = 1. 


[eit [FUNCTION 
End Horizontal Blank Bit 6 
| 65 | 
| 4:0 | 


Horizontal Retrace Delay 


End Horizontal Retrace 


Bit 7 - VGA - End Horizontal Blank Bit 6 


This Is the sixth Bit (Bit 5) of the End Horizontal 
Blanking Value programmed in Bits 4:0 of the End 
Horizontal Blanking Register at Port 3?5h, Index 
03h. 


- EGA - CRT Counter Memory Address 


This Bit defines whether the CRT counter memory 
address starts at an even or odd address 
following the horizontal retrace. 


O = Even Address 
1 = Odd Address 
Bits [6:5] - Horizontal Retrace Delay 


These Bits define the horizontal retrace signal 
delay. 


| BITS CHARACTER 
CLOCK DELAY 


a 
aoe 
po | 
ote es 
eae eae 


Bits [4:0] - End Horizontal Retrace 


The least significant five Bits are programmed in 
this register. When the least significant Bits of the 
Horizontal Character Counter match these five 
Bits, the Horizontal Retrace signal is turned off. 


5.6.8 Vertical Total Register 
Read/Write Port = 3?75h, Index = 06h 


This register is locked If register PR3(0) = 1, or the 
Vertical Retrace End Register Bit 7 = 1 
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| Bir | FUNCTION, 
Raster Scan Line Total Less 2 


Bits [7:0] - VGA - Raster Scan Line Total Less 2 


This register contains the least significant eight 
Bits of an eleven Bit count of raster scan lines for 
a display frame. The programmed value includes 
the total number of vertical scan lines, minus two. 
Time for vertical retrace and vertical sync are also 
included. Bit 10 of this count is in register PR18 at 
Port 3?5h, index 3Eh, Bit 0. Bits 9 and 8 of this 
count are loaded into the Vertical Overflow 
Register at Port 375h, Index 07h, Bit 5 and Bit 0, 
respectively. 


in 6845 mode, total vertical display time in rows is 
programmed into Bit 6 through Bit 0, while Bit 7 is 
reserved. Scan count reduction is not necessary. 
The number of scan lines in a row is determined 
by the maximum Scan Line Register (Index O9h 
Bits 4 through 0). 


- EGA - CRT Vertical Frame Time 


This register contains the least significant eight 
Bits of the CRT vertical frame time in scan lines 
including the vertical retrace. 


5.6.9 Overflow Vertical Register 

Read/Write Port = 375h, index = 07h 
er] FUNCTION. 
| 6.1 | End Venical Display Enable Bits 9:8 | 
| 5,0 | VonicalTotalBise:8 
| 4 | Unecomparesis 
| 3 | Start Vertical Blank Bit 
Bits [7:5] -EGA 

Reserved 

Bits 7,2-VGA 


Start Vertical Retrace - Bits 9:8. (Bits 7:0 are at 
index 10h.) 


This register is locked if Register PR3(0) = 1 or 
the End Vertical Retrace Register Bit 7 = 1. 
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Bits 6,1- VGA 


End Vertical Display Enable - Bits 9:8. (Bits 7:0 
are at Index 12h. 


This register is locked if Register PR3(1) = 0 and 
the End Vertical Retrace Register Bit 7 = 1. 


Bits 5,0- VGA 
Vertical Total - Bits 9:8. (Bits 7:0 are at Index 06h.) 


This register is locked if Register PR3(0) = 1 or 
the End Vertical Retrace Register Bit 7 = 1. 


Bit 4- VGA/EGA 


Line Compare - Bit 8. (Bit 9 is at Bit 6 of index 
O9h, Bits 7:0 are at Index = 18h.) 


Bit 3- VGA/EGA 


Start Vertical Blank - Bit 8. (Bit 9 is at Bit 5 of index 
O9h, Bits 7:0 are at Index =15h.) 


This register is locked If Register PR3(0) = 1 or 
the End Vertical Retrace Register Bit 7 = 1. 


Bits 2- EGA 


Start Vertical Retrace - Bit 8. (Bits 7:0 are at Index 
10h.) 


This register is locked if Register PR3(0) = 1 or 
the End Vertical Retrace Register Bit 7 = 1. 


Bits 1- EGA 


End Vertical Display Enable - Bit 8. (Bits 7:0 are at 
Index 12h.) 


This register is locked if Register PR3(1) = 0 and 
the End Vertical Retrace Register Bit 7 = 1. 


Bits 0- EGA 
Vertical Total - Bit 8. (Bits 7:0 are at Index O6h.) 


This register is locked if Register PR3(0) = 1 or 
the End Vertical Retrace Register Bit 7 = 1. 


5.6.10 Preset Row Scan Register 
Read/Write Port = 375h, Index = 08h 


Byte Panning Control 


Preset Row Scan Count 


Reserved. 
Bits [6:5] - Byte Panning Control 


These Bits allow up to three bytes to be panned In 
modes programmed as multiple shift modes. 


OPERATION 
0 0 = Normal 
0 1 = 1 Byte Left Shift 
1 0 = 2 Bytes Left Shift 
1 1=3 Bytes Left Shift 
Bits [4:0] - Preset Row Scan Count 


These Bits preset the vertical row scan counter 
once after each vertical retrace. This counter is 
advanced by one increment after each horizontal 
retrace period until the maximum row scan count 
is reached. When the maximum row scan count is 
reached, the counter is cleared. This register can 
be used for smooth vertical scrolling of text. 


5.6.11 Maximum Scan Line Register 
Read/Write Port = 375h, Index = 09h 


In 6845 mode, Bits 7 through 5 are reserved, 
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Bits [7:5] - EGA 
Reserved 


Bit 7 - VGA - 200 to 400 Line Conversion 


0 = Normal operation 

1 = Activate line doubling (The row scan counter 
is clocked at half the horizontal scan rate to 
allow 200 line modes to display 400 scan 
lines. Each line is double scanned.) 


Bit 6 - VGA - Line Compare 


This is Bit 9 of the Line Compare Register at Port 
3?5h, Index 18h. 


Bit 5 - VGA - Start Vertical Blank 


This is Bit 9 of the Start Vertical Blank Register at 
Port 375h, index 15h. The Vertical Biank Register 
is locked if register PR3(0) = 1. or the Vertical 
Retrace End Register Bit 7 = 1. 


Bits [4:0] - VGA/EGA - Maximum Scan Line 


These Bits are the maximum number of scanned 
lines for each row of characters. The value 
programmed is one less than the maximum 
number of scanned rows per character. 


In 6845 mode, the value programmed is one less 
than the maximum scan line count for non- 
interlace mode. Interlaced mode is not supported. 


5.6.12 Biock Cursor Start Register 
Read/Write Port = 3?5h, Index = OAh 


Cer [FUNCTION 


| 5 | Block CursorGontrol | 
| 4:0 | Block Cursor Stat Scan Line | 
Bits [7:6] 

Reserved. 

Bit 5 - VGA - Block Cursor Control 


0 = Block Cursor on 
1 = Block Cursor off 


- EGA - Reserved 
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Bits [4:0] - VGA/EGA - Block Cursor Start 
Scan Line 


These Bits specify the value of the row scan 
counter within the cursor’s starting character box. 
These Bits are programmed with one less than 
the value of the character row. If these Bits are 
programmed with a value greater than the Block 
Cursor End Register at Port 375h, Index OBh, no 
cursor is generated. 


For 6845 modes, Bits 7 and 6 are reserved. Bit 5 
controls the cursor operation and Bits 4 through 0 
contain the cursor start value. 


5.6.13 Block Cursor End Register 

Read/Write Port = 375h, Index = OBh 

| Bir | FUNCTION, 
| 6:5 | Block Cursor Skew 
[4:0 | Block Cursor End Scan Line | 


In 6845 mode, Bits 7 through 5 are reserved. 
Bit 7 

Reserved. 

Bits [6:5] - Block Cursor Skew Bits 


Moves the displayed cursor to the right by the 
skew value in character clocks, @.g., one 
character clock skew moves the cursor right by 
one position on the screen. 


SKEW 
00 = O Character Clocks 
01 = 1 Character Clocks 
1 0 = 2 Character Clocks 
1 1 = 3 Character Clocks 
Bits [4:0] - VGA - Block Cursor End Scan Line 


These Bits specify the value of the last row scan 
counter within the character box in which the 
cursor is active. If this value is less than the cursor 
start value, no cursor is displayed. 


In 6845 mode, Bits 4 through 0 contain the row 
value of the cursor end. 
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NOTE 
There are three types of cursors 
generated, depending upon the mode, 
i.e, VGA, EGA or 6845 (non-VGA). The 
above description refers to the VGA 
cursor only. 


- EGA - Block Cursor End Scan Line 


These Bits specify the Cursor End value of the 
last row scan address counter. The programmed 
value is equal to N+1 where N is the last row of 
the cursor to be displayed. 


5.6.14 Start Address High Register 
Read/Write Port = 3?5h, Index = 0Ch 


Start Address High Byte 


Bits [7:0] - Display Screen Start Address 
Upper Byte Bits 


These are the high order eight Bits of the 16-Bit 
video memory address, used for screen refresh. 
The low order 8-Bit register is at Port 375h Index 
ODh. Register PR3 Bits 4 and 3, and PR18 Bit 6 
extend this video memory start register to 18 Bits. 


In 6845 mode, Bits 7 and 6 are forced to 0 
regardless of this register's contents. The lower 
order eight Bits are at Port 3?5h Index ODh. 


5.6.15 Start Address Low Register 
Read/Write Port = 375h, Index = ODh 


7:0 | Start Address Low Byte 
Bits [7:0] - Start Address Low Byte 


These are the low order eight Bits of the 16-Bit 
video memory address in VGA/EGA or 6845 
modes. 


5.6.16 Biock Cursor Location High Register 
Read/Write Port = 3?75h, Index = OEh 
BIT 


7:0 | Block Cursor Location High Byte 


VGA/EGA REGISTERS 


Bits [7:0] - Block Cursor Address Upper 
Byte Bits 


In VGA mode, these are the eight high order Bits 
of the 16-Bit cursor location. For the low order 
eight Bits, see the Block Cursor Location Low 
Register at Port 375h, Index OFh. Register PR3 
Bits 4 and 3 extend the cursor location High 
Register to 18 Bits. 


In 6845 mode, Bits 7 and 6 are reserved, while 
Bits 5 through O are the high order Bits of the 
cursor. 


5.6.17 Block Cursor Location Low Reglster 
Read/Write Port = 3?5h, Index = OFh 


er | FUNCTION, 
Block Cursor Location Low Byte 


Bits [7:0] - Block Cursor Address Low 
Byte Bits 


These are the low order eight Bits of the 16-Bit 
video memory address in VGA/EGA or 6845 
mode. 


5.6.18 Vertical Retrace Start Register 
Read/Write Port = 375h, Index = 10h 
This register is locked if register PR3(0) = 1. 


| Bir | FUNCTION, 


7:0 | Vertical Retrace Start 
(Lower eight Bits) 


Bits [7:0] - Vertical Retrace Start Pulse 
Lower Eight Bits 


In VGA mode, these are the lower eight Bits of 
the 11-Bit Vertical Retrace Start Register. Bit 10 is 
located in 3?5h, Index 3Eh, Bit 2. Bits 9 and 8 are 
located in the Overflow Register at Port 375h, 
Index 07h. 


In 6845 mode, Bits 7 and 6 are reserved. Bits 5 
through 0 are read back as the high order six Bits 
of the Light Pen Value. The lower order eight Bits 
of the Light Pen Value are read back at Index 11h. 


In EGA mode, this register is read back as the 
low order eight Bits of the Light Pen Value. 
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5.6.19 Vertical Retrace End Register 
Read/Write Port = 375h, Index = 11h 

Cer [FUNCTION 
| 6 | Select S/S DRAM Refresh 
| S| Enable Vertical interrupt 
| 4 | ClearVertical interupt 
| 3:0 | vonicalRetrace End 


In 6845 mode, this register reads back the value 
of the lower eight Bits of Light Pen Register. 


Bit 7 - VGA - CRTC Registers Write Protect 

0 = Enables writing to CRT index registers 00h- 
07h 

1 = Write protects CRT Controller index 
registers In the range of index 00h-07h (Line 
Compare Bit 4 in the Overflow Register 
(07h) is not protected.) 

- EGA - Reserved 


Bit 6 - VGA - DRAM Refresh/Horizontal 
Scan Line 


This Bit selects DRAM refresh cycles per 
horizontal scan line as follows: 


O = Generates three refresh cycles for each 
horizontal scan line for normal VGA 
operation 

1 = Generates five DRAM refresh cycles per 
horizontal! scan line 


- EGA - Reserved 
Bit 5- VGA - Enable Vertical Retrace Interrupt 
0 = Enabie vertical retrace interrupt 
1 = Disable vertical retrace interrupt 
- EGA - IRQ Output Buffer 
0 = The IRQ output buffer control is enabled 
(The IRQ latch within the CRT controller 
determines the logic state of the IRQ output 
signal.) 
1 =The IRQ output buffer is switched to a high 
impedance state 
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Bit 4 - VGA - Clear Vertical Retrace Interrupt 
0 = Clears the vertical retrace interrupt by 
writing a 0 to (resetting) an internal flip flop 
1 = Vertical retrace interrupt (This allows an 
interrupt to be generated after the last 
displayed scan of the frame has occurred, 
i.e., the start of the bottom border.) 


- EGA- IRQ Latch 
0 = The IRQ latch is reset If Bit5 = 0 
1 = The IRQ latch is set at the end of the vertical 
display 
Bits [3:0] - VGA/EGA - Vertical Retrace End 


These Bits specify the scan count at which vertical 
sync becomes inactive. When these four Bits 
match the four low-order Bits of the vertical 
counter, vertical sync becomes inactive. 


Bits [3:0] are locked if register PR3(0) = 1. 


5.6.20 Vertical Display Enable End Register 
Read/Write Port = 375h, Index = 12h 


Bit | FUNCTION, 


7:0 | Vertical Display Enable End (Lower 
eight Bits) 


Bits [7:0] - Vertical Display Enable End 
Lower Eight Bits 


These Bits define where the active display frame 
ends and are the lower eight Bits of an 11-Bit 
register. The programmed count is in scan lines 
minus one. Bit 10 is in Port 375h, Index 3Eh, Bit 
10. Bits 9 and 8 are in the Overflow Register at 
Port 375h, Index 07h, Bits 6 and 1, respectively. 


5.6.21 Offset Register 
Read/Write Port = 375h, Index = 13h 
| pir | FUNCTION, 
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Bits [7:0] - Logical Line Screen Width 


This register specifies the width of display 
memory in terms of an offset from the current row 
start address to the next character row. The offset 
value is a word address adjusted for word or 
double word display memory access. It is 
calculated as follows: 


1. The Next CPU Row Scan Star Address 
equals the Current Row Scan Start Ad- 
dress, plus the product of the Offset Regis- 
ter multiplied by two in byte mode, four in 
word mode, or eight in double word mode. 


2. The Next CRT Row Scan Address equals 
the current CRT Row Scan Address plus 
the product of the offset register multiplied 
by two. 


5.6.22 Underline Location Register 
Read/Write Port = 375h, Index = 14h 
er | FUNCTION. 
| 6 | Doubleword Mode 
| 5 | Counbys 
| 4:0 | Underline Location 


Bit 7 - VGA/EGA 
Reserved. 


Bit 6 - VGA - Doubleword Mode 
0 = Display memory addressed for byte or word 
access 
1 = Display memory addressed for doubleword 
access (This overrides the state of Port 
375h, Index 17h, Bit 6 (refer to Section 


VGA/EGA REGISTERS 


- EGA - Reserved 
Bits [4:0] - VGA/EGA - Underline Location 
These Bits specify the row scan counter value 
within a character matrix where underline is to be 


displayed. The value programmed should be one 
less than the desired scan line number. 


§.6.23 Start Vertical Blank Register 
Read/Write Port = 3?5h, Index =15h 
This register is locked if register PR3(0) = 1. 


Cat [| Funenion 
Start Vertical Blank (Lower eight Bits) 


Bits [7:0] - Start Vertical Blank Lower 
Eight Bits 


These are the lower eight Bits of the 11-Bit Start 
Vertical Blank Register. Bit 10 is in register PR18 
at Port 3?5h, Index 3Eh, Bit 3. Bit 9 Is in the 
Maximum Scan Line Register at Port 3?5h, Index 
OSh. Bit 8 is in the Overflow Register at Port 375h, 
index 07h. 


The eleventh Bit value is reduced by one from the 
desired scan line count where the vertical 
blanking signal starts. 


5.6.24 End Vertical Blank Register 
Read/Write Port = 375h, Index = 16h 


’ This register is locked if register PR3(0) = 1. 


| pir | FUNCTION, 
End Vertical Blank } 


Bits [7:0] - VGA - Vertical Blank Inactive Count 


5.6.25) End Vertical Blank is an eight-Bit value calculated 
- EGA - Reserved as follows: 
Bit 5 - VGA - Count by Four for Doubleword Eight-Bit End Vertical Blank value = (value of Start 
Access Vertical Blank minus one) + (value of Vertical 
0 = Memory address counter clocked for byteor Blank signal width in scan lines). 
word access Bits [7:5] -EGA 
1 = Memory address counter is clocked at the 
character clock rate divided by four Reserved 
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Bits [4:0] - EGA 
End Vertical Blank is a five-Bit value calculated as 
follows: 


Five-Bit End Vertical Blank value = (value of Start 
Vertical Blank minus one) + (value of Vertical 
Blank signal width in scan lines). 


5.6.25 CRT Mode Control Register 
Read/Write Port = 375h, Index = 17h 


| Br | FUNCTION, 
| 6 | WordorByteMode 
| 8 | AddressWrap 
| 4 | Reseved 
| 3 | countby2 
| 2 | Horizontal Retrace Select 
| 0 | CGACompatibiity | 


Bit 7 - VGA/EGA - Hardware Reset 
0 = Horizontal and vertical retrace outputs 
inactive 
1 = Horizontal and vertical retrace outputs 
enabled 
Bit 6 - VGA/EGA - Word or Byte Mode 


The state of this Bit is ignored and Doubleword 
mode selected when Port 375h, Index 14h, Bit 6 
is set to 1 (refer to Section 5.6.22, Bit 6). 


0 = Word address mode (All memory address 
counter Bits shift down by one Bit and the 
MSB of the address counter appears on the 
LSB.) 

1 = Byte address mode 


CRT14h CRT17h ADDRESS 
BIT 6 BIT 6 MODE 


Se es aS E> Doubleword 
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Bit 5 - VGA/EGA - Address Wrap 
O = In word address mode, this Bit enables Bit 
13 to appear at MAO, otherwise Bit 0 
appears on MAO 
1 = Select MA15 for odd/even mode when 256 
Kbytes of video memory are used on the 
system board 
Bit 4 - VGA/JEGA 


Reserved. 


Bit 3 - VGA/EGA - Count by 2 
0 = Character clock increments memory 
address counter 
1 = Character clock divided by two increments 
the address counter 
Bit 2 - VGA/EGA - Horizontal Retrace Clock 
Rate Select for Vertical Timing Counter 


This Bit is locked if register PR3(5) = 1. 


0 = Selects horizontal retrace clock rate 
1 = Selects horizontal retrace clock rate divided 
by two 
Bit 1 - VGA/EGA - Select Row Scan Counter 
0 = Row Scan Counter Bit 1 replaces CRTC 
when MA14 is selected to drive an address 
pin 
1 = CRTC drives MA14 when MA14 is selected 
to drive an address pin 
Bit 0 - 6845 CRT Controller Compatibllity 
Mode Support for CGA Operation 
O = Row Scan Counter Bit 1 replaces CRTC 
when MA13 is selected to drive an address 
pin 
1 = CRTC drives MA13 when MA13 is selected 
to drive an address pin 


5.6.26 Line Compare Register 
Read/Write Port = 3?75h, Index = 18h 


Line Compare (lower eight Bits) 


Bits [7:0] - Line Compare Lower Eight Bits 


These are the lower eight Bits of the ten-Bit Scan 
Line Compare Register. Bit 9 is in the Maximum 
Scan Line Register at Port 375h, index O9h. Bit 8 
is in the Overflow Register at Port 3?5h, Index 
07h. When the vertical counter reaches the value 
programmed in the Scan Line Compare Register, 
the internal start of the line counter is cleared. 
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5.7 GRAPHICS CONTROLLER 
REGISTERS 


Pace |_| Grapes inion Regiser _ 
3CF Set/Reset 

| scr | 01 | EnableSevReset_ 
| scr | 02 | Color Compare 
| scr | 03 | DataRotate 
racr | 04 | Read Map see _ 
Tack [05 | craptios Modo 
| scr | 06 | Miscellaneous 
racr [08 [etmek 


TABLE 5-4. GRAPHICS CONTROLLER 
REGISTERS 


NOTE 
Reserved Bits should be set to zero. 


5.7.1 
Read/Write Port = 3CEh 

[eit | FUNCTION. 
| 3:0 | Graphics Address Bits 
Bits [7:4] 

Reserved. 


Bits [3:0] - Graphics Controller Register 
Index Pointer Bits 


NOTE 


Some of the PR registers reside with the 
index pointer extension beyond the 
standard VGA Graphics Controller 
registers. 


Graphics Index Register 


5.7.2 Set/Reset Register 
Read/Write Port = CFh, Index = 00h. 
BIT 


| FUNCTION, 
[3 | Seumeset Maps 
[2 | SevResetMap2 
[1 | SevesetMap1 
| 0 | SevResetMapo 
Bits [7:4] 
Reserved. 
Bits [3:0] - Set/Reset Map 


When the CPU executes display memory write 
with Write Mode 0° selected, and the Enable Set/ 
Reset Register at Port 3CFh index Oth activated, 
the eight Bits of the Bit value in this register, which 
have been operated on by the Bit Mask Register, 
are then written to the corresponding display 
memory map. It is an eight-Bit fill operation. 


0 = Reset 
1 = Set 


SET/RESET 


NOTE 
*The selection of Write Mode 0 is 
determined by the Graphics Mode 
Register (Index = 05h) Bit 1 and Bit 0. 
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5.7.3 Enable Set/Reset Register 

Read/Write Port = 3CFh, Index = Oth 
| Bir | FUNCTION, 
| 3 | Enable SevResetMap3 
ed 
ee 


Bits [7:4] 
Reserved. 


Bits [3:0] - Enable Set/Reset Register 
Maps 3 through 0, respectively 
(Index 00h) 


0 = In Write Mode 0, each Bit [3:0] when set to 0, 
disables its corresponding Set/Reset 
Register (Index = 00h) Bit and the 
corresponding memory map is written with 
the rotated 8-Bit data from the system 
microprocessor, as defined by the Data 
Rotate Register. 

1 = In Write Mode 0, each Bit [3:0] when set to 1, 
enables memory map access defined by the 
corresponding Set/Reset Register (Index = 
00h) Bit and the respective memory map is 
written with the Set/Reset Register value. 


5.74 Color Compare Register 

Read/Write Port = 3CFh, Index = 02h 

| Bir | FUNCTION, 
| 3 | ColorCompareMap3 
| 2 | Color Compare Map2 
| 1 | Color Compare Mapt 
| 0 | ColorCompareMapO 
Bits [7:4] 

Reserved. 

Bits [3:0] - Color Compare 


The Color Compare Bits contain the value to 
which all eight Bits of the corresponding memory 


map are compared. This comparison also occurs 
across all four maps and a 1 is returned for the 
map positions when the Bits of all four maps equal 
the Color Compare Register. If a system read is 
done with Bit 3 = O for the Graphics Mode 
Register at Port 3CFh, Index 05h, data is returned 
without comparison. Color compare map coding is 
shown in the following table. 


| 3 [Maps 
2 | Mae 


5.7.5 Data Rotate Register 
Read/Write Port = 3CFh, Index = 03h 


a Function Select 1 
| 3 | Function Select 0 


| 2 | RotateCountBit2 
| 1 | Rotate count Bit) 
| 0 | Rotatecount Bio 
Bits [7:5] 

Reserved. 

Bits [4:3] - Function Select 


This is the Function Select for any of the write 
mode operations defined in the Graphics Mode 
Register at Port 3CFh, Index O5h as defined 
below. 


00 = Video memory data unmodified 

01 = Video memory data ANDed with system 
data in the latches 

10 = Video memory data ORed with system data 
in the latches 

11 = Video memory data XORed with system 
data in the latches 
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NOTE 


“Data” refers to CPU data that has gone 
through data rotation. The latches 
contain the data from the last memory 
read operation. 

Bits [2:0] - Rotate Count 


These Bits specify the number of Bit positions of 
rotation to the right. Data written by the CPU is 
rotated in write mode 0, defined by the Graphics 
Mode Register at Port 3CFh, Index 05h. 


5.7.6 Read Map Select Register 

Read/Write Port = 3CFh, Index = 04h 

Ter [FUNCTION _—is 
| 1 | Mapselects 
| 0 | Mapseleto 


Bits [7:3] - VGA/EGA 
Reserved. 

Bit2-VGA 

Reserved. 

Bits [2:0] - EGA - Map Select 


These Bits select the memory map in memory 
read operations. It has no effect on color compare 
read mode. In odd/even modes, the value is 
defined below. 


zyrTo| renown 
}2{1 | 0] 

fo foto [wires 
foots [wept eed 
roto [wes zeveaea 
rot [+ Lassa 


Bits [1:0] - VGA - Map Select 


These Bits select the memory map in memory 
read operations. It has no effect on color compare 
read mode. In odd/even modes, the value is 
defined in the following list. 


5.7.7. Graphics Mode Register 
Read/Write Port = 3CFh, Index = 05h 
Cer [FUNCTION __| 


ee 

| 6 | 256ColorMode 
| 8 | SshinRegister 
| 4 | cGacddeven 
| 3 | Read type 
ee 
ad 
| 0 


Write Mode Bit 1 
Write Mode Bit 0 


Bit 7 - VGA/EGA- 

Reserved. 

Bit6- EGA 

Reserved 

Bit 6 - VGA - 256 Color Mode 


This Bit is locked if PR11(1) = 1. It appears 
unlocked during reads. 


0 = Enables Bit 5 of this register to control 
loading of the shift registers. Four-Bit pixel is 
expanded to six Bits through internal palette 
and is sent out on the lower six Bits (VID5 - 
VIDO) pins every dot clock. The remaining 
two video outputs (VID7, VID6) are 
determined by Bits 3 and 2 of the Color 
Select Register located at Port 3C1h/3COh, 
Index 14h within the Attribute Controller. 

1 = Load Video Shift Registers to support 256- 
color mode 
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Bit 5 - VGA/EGA - Shift Register 


Shift Register Load controls the way in which 
memory data is formatted in the four Video Shift 
Registers. MSB Is shifted out in all cases. 


This Bit is locked if PR11(1) = 1. It appears 
unlocked during reads. 


0 = Map 3 through Map 0 data is placed into 
shift registers for normal operations. 

1 = For CGA graphics mode compatibility, even 
numbered Bits from all the maps are shifted 
out of even numbered shift registers, and 
odd numbered Bits from all the maps are 
shifted out of odd numbered shift registers. 

Bit 4 - VGA/EGA - Odd/Even Mode 


0 = Normal 
1 = CGA compatible odd/even system access 
mode. Sequential addressing as defined by 
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Bit 2 of the Sequencer Memory Mode 

Register at Port 3CFh, Index 04h. Even 

system addresses access Maps 2 or 0 and 

odd system addresses access Maps 3 or 1. 
Bit 3- VGA/EGA - Read Mode 

0 = System reads data from memory maps 
selected by Read Map Select Register at 
Port 3CFh, Index 04h. This setting has no 
effect if Bit 3 of the Sequencer Memory 
Mode Register = 1. 

1 = System reads the comparison of the 
memory maps and the Color Compare 
Register. 

Bit 2- VGA/EGA 


Reserved. 
Bits [1:0] - VGA/EGA - Write Mode 
Table 5-5 defines the four write modes. 


BIT 
1 DESCRIPTION 


if the Set/Reset Register function is enabled for any of the maps, the eight Bits 
of the Bit value in the Set/Reset Register, which have been operated on by the 
Bit Mask Register, are then written to the corresponding display memory map. 
If the Set/Reset Register function is disabled, the map is written with the CPU 
data, which is rotated right by the number of Bits defined in the Data Rotate 
Register. This results in the previous LSB becoming the current MSB. 


This mode can be used to write the same value to many memory locations. 
The 32 Bits of data In the system latches are written into each of the four mem- 
ory maps. The system read operation loads the latches. 


Memory maps 3:0 are filled with the eight-Bit value of the corresponding CPU 
data Bits 3:0. The 32-Bit output from the four memory maps is then operated 

on by the Bit Mask register and the resulting data are written to the four mem- 
ory maps. 


Eight Bits of the value contained in the Set/Reset Register (index = 00h) are 
written Into the corresponding map, regardless of the Enable Set/Reset Regis- 
ter (index 01h) value. The right rotated CPU data (refer to Write Mode 0) are 
ANDed with Bit Map Register data to form an 8-Bit mask value that performs 
the same function as the Bit Mask Register in write modes 0 and 2. 


In EGA mode, Write Mode 3 is not valid and if selected will default to Write 


Mode 1. 


TABLE 5-5. WRITE MODES 
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5.7.8 Miscellaneous Register 

Read/Write Port = 3CFh, Index = 06h 

Cet [FUNCTION 
| 3 | MemoryMapt 
| 2 | MemoyMapo 
| 1 | Odweven 
| 0 | GraphicsMode 
Bits [7:4] 

Reserved. 

Bits [3:2] - Memory Map 1, 0 


Display memory map contro! into the CPU 
address space is shown below: 


| BITS | 
| 3 | 2 | CPU ADDRESS RANGE | LENGTH 


[0 | 0 | A000:0h-BFFF:Fh | 128KB 
[0 | 1 | A0c0:0h-AFFF:Fh | 6ake | 
[1 | 0|Bo0:ohB7FF:Fh |32KB 
|1 | 1|Be000n-BFFF:Fh | 32KB 


Bit 1 - Odd/Even Mode 
0 = CPU address Bit AO is the memory address 
Bit MAO 
1 = CPU address Bit AO is replaced by higher 
order address Bit. AO is then used to select 
odd or even maps. AO = 0 selects Map 2 or 
0, while AO = 1 selects Map 3 or 1. 
Bit 0 - Graphics/Alphanumeric Mode 


This Bit is programmed the same way as Bit 0 of 


the Attribute Mode Control Register at Port 3C1h/ 
3COh, Index 10h. 


0 = Alphanumeric mode selects 
1 = Graphics mode selected — 
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5.7.9 Color Don’t Care Register 

Read/Write Port = 3CFh, Index = 07h 

Cer [FUNCTION 
[3 | MemoryMap3 
| 2 | MemoyMap2 
fis! 
cml 


Memory Map 1 
Memory Map 0 


Bits [3:0] - Memory Map Color Compare 
Operation 
0 = Disable color compare operation 
1 = Enable color compare operation 


5.7.10 Bit Mask Register 
Read/Write Port = CFh, Index = 08h 


Ter [FUNCTION = 
(7:0 [piMask 
Bits [7:0] - Bit Mask 


Bit Mask operation applies simultaneously to all 
four maps. In Write Modes 2 and 0, this register 
provides selective changes to any Bit stored in the 
system latches during processor writes. Data 
must be first latched by reading the addressed 
byte. After setting the Bit Mask Register, new data 
is written to the same byte In a subsequent 
operation. Bit mask operation is applicable to any 
data written by the processor. 


0 = Bit position value is masked or is not 
changeable 

1 = Bit position value is unmasked and can be 
changed in the corresponding map 
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5.8 ATTRIBUTE CONTROLLER 
REGISTERS 


PORT | INDEX 
(HEX) | (HEX) 
| sco | -— | Index Register 
3C0 00-OF | VGA - Palette Pixel Colors 
EGA - Dynamic Color 
Selection 
3C0 Attribute Mode Control 
Register 
Overscan Control Register 


3C0 12 Color Plane Enable Regis- 
ter 

3C0 Horizontal PEL Panning 
Register 


Color Select Register 


TABLE 5-6. ATTRIBUTE CONTROLLER 
REGISTERS 


NOTES 


1. The Attribute Index Register has an 
internal flip-flop rather than an input 
Bit to control the selection of the 
Address and Data Registers. 
Reading the Input Status Register 1 
(Port 37Ah) clears the flip-flop and 
selects the Address Register, which 
is read at address 3C th and written 
at address 3COh. Once the Address 
Register has been loaded with an 
index, the next write operation to 
3COh loads the Data Register. The 
flip-flop toggles between the Address 
and the Data Registers after every 
write to address 3COh but does not 


WD90C33 


5.8.1 Attribute Index Register 

Read/Write Port = 3CO0h 

Cer [FUNCTION 
| 5 | Palette Address Source 
Bits [7:6] 

Reserved. 


Bit 5 - Palette Address Source 
0 = Disable internal color palette outputs and 
video outputs to allow CPU access to Color 
Palette Registers Port 3COh, Index 00 - OFh 
1 = Enable internal color palette and normal 
video translation 
Bits [4:0] - Attribute Controller Index 
Register Address Bits 


5.8.2 VGA- Palette Registers 


Read Port = 3Cth, 
Write Port = 3COh, 
index 00-0Fh 


These registers are locked if PR4(2) = 1. 


Cer [FUNCTION __—+ 
es 
is CT es 
3s [wos 
2 [ve 
Sr 


toggle for reads from address 3C 1h. Bits [7:6] 
2. Attribute Register data is written at Seated 
3COh and register data is read from : 
address 3Cth. 
3. Reserved Bits should be set to zero. 
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Bits [5:0] - Palette Pixel Colors 


Bits 5 through O control VIDS through VIDO 
respectfully. 


They are defined as follows: 


O = Current pixel color deselected 
1 = Enables the corresponding pixel color 


5.8.3 EGA - Dynamic Color Registers 


Read Port = 3Cth, 
Write Port = 3COh, 
index 00-OFh 


These registers are locked if PR4(2) = 1. 
Bits [7:6] 

Reserved. 

Bits [5:0] - Dynamic Color Selection 
Bits 5 through 0 are defined as follows: 


O = Color deselected 
1 = Color selected 


| Bit | Color | Pixel | 
| 8 |SecondaryRed | VIDS 
|_4 | Secondary Green/intensity | VID‘ _ 
|_3_|Secondary Biue/Mono | viD3_ 
p2 [Red to 
| 1 [Green 
es ee 


5.8.4 Attribute Mode Control Register 


Read Port = 3Cth, 
Write Port = 3COh, 
Index = 10h 


BIT 


VIDS and VID4 Select 


PEL Width 
PEL Panning Compatibility 
Character Map Enable 


ete 
ao 
Ca | 
read Enable Blink/Select Background 
Intensity 
ea 
ees! 
me 


Enable Line Graphics Character Code 
Mono-Emulation 
Graphics/Alphanumeric Mode 

Bits [7:4] - EGA- 

Reserved. 


Bit 7 - VGA - VID5, VID4 Select 


0 = VID5 and VID4 palette register outputs are 
selected 

1 = Color Select Register Port 3C1h/3COh, 
Index 14h, Bits 1 and 0 are selected for 
outputs at VIDS and VID4 pins 

Bit 6 - VGA - Pixel Width 

0 = Disable 256 color mode pixel width (The 
PCLK output is the same as the internal dot 
clock rate.) 

1 = Enable pixel width for 256 color mode (The 
PCLK output is the internal dot clock divided 
by two.)* 
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Bit 5 - VGA- PEL Panning Compatibility 
Line Compare in the CRT Controller. 


0 = A Line compare will have no effect on the 
PEL Panning Register 

1 = Allows a successful line compare to disable 
the PEL Panning Register and Bits 6 and 5 
of the CRT Controller Register 08 until 
VSYNC occurs (Allows pixel panning of a 
selected portion of the screen.) 

Bit 4 - VGA- Character Map Enable 


Bit 4 of this register is used with Bits 5 and 2 of 
Video Select Register PR2 to select the Character 
Map from plane 2 or 3. Refer to Section 7. 


Bit 3 - VGA/EGA - Background Intensity/Blink 
Selection 
0 = Selects background intensity from the MSB 
of the attribute byte 
1 = Selects blink attribute 
Bit 2 - VGA/EGA - Enable Line Graphics 
Character Code 


This Bit should be set to zero for character fonts 
that do not utilize line graphics character codes. 


0 = Forces the ninth dot to be the same color as 
the background in line graphics character 
codes 

1 = Used in MDA line graphics modes (The 
ninth dot character is forced to be identical 
to the eighth character dot.) 

Bit 1 - VGA/EGA - Mono/Color Emulation 

0 = Color display attributes 

1 = MDA attributes 

Bit 0 - VGA/EGA - Graphics/Alphanumeric 
Mode Enable 
0 = Alphanumeric mode 
1 = Graphics mode 


5.8.5 Overscan Color Register 


Read Port = Cth, 
Write Port = 3COh, 
index = 11h 


This register is locked if PR4(2) = 1. 


Bits [7:0] - VGA- Overscan/Border Color 


These Bits determine the overscan or border 
color. For monochrome display, this register is set 
to 0. Border colors are set as shown above. 


Bits [7:6] - EGA 
Reserved. 

Bits [5:0] - EGA - Overscan/Border Color 
For a monochrome display, Bits 5:0 = 0. 


For the border color, refer to Bits [5:0] In the 
Dynamic Color Selection in Section 5.8.3. 


5.8.6 Color Plane Enable Register 


Read Port = 3Cth, 
Write Port = 3COh, 
Index = 12h 


[er | FUNCTION 


| 5:4 | Video Status Multiplexer 
| 3:0. | Color Plane Enable 


Bits [7:6] - VGA/EGA - 
Reserved. 
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Bits [5:4] - VGA - Video Status Multiplexer 


These Bits select two out of eight color outputs 
which can be read by the Input Status Register 1 
at Port 37Ah, Bits 5 and 4. Refer to Section 5.4.3. 


REGISTER REGISTER 1 
ers | pita | ers | pita 
a 
ee ee 
a 
re 


Bits [5:4] - EGA - Video Status Multiplexer 


These Bits select two out of six color outputs 
which can be read by the Input Status Register 1 
at Port 3?Ah, Bits 5 and 4. Refer to Section 5.4.3. 


COLOR PLANE INPUT STATUS 
REGISTER REGISTER 1 


BITS 
vib2 ViDO 
Red Blue 
VID5 VID4 
SRed SGreen 


1 VID3 VviD1 
SBlue Green 

1 1 VIDS VviD4 
SRed 


SGreen 
Bits [3:0] - VGA/EGA - Color Plane Enable 


0 = Disables respective color planes (Forces 
pixel Bit to 0 before it addresses palette.) 

1 = Enables the respective display memory 
color plane 


5.8.7 Horizontal Pel Panning Register 


Read Port = 3Cth, 
Write Port = 3COh, 
Index = 13h 


| Bir | FUNCTION, 
| 3:0 | Horizontal PEL Panning 


Bits [7:4] - VGA/EGA - 

Reserved. 

Bits [3:0] - Horizontal Pel Panning 
- VGA 


Horizontal Pel Panning is available in text or 
graphics modes. These Bits select pixel shift to 
the left. For nine dots/character modes, up to 
eight pixels can be shifted. Likewise, for eight 
dots/character modes, up to seven pixels can be 
shifted. For 256 color, up to three position pixel 
shifts can occur. The following table defines the 
shift for different modes. 


- EGA- 


These four Bits determine the horizontal left shift 
of the video data in number of pixels. in 
monochrome alphanumeric modes, (nine dots/ 
character) image can be shifted by nine pixels. 
For all other graphics or alphanumeric modes, a 
maximum left shift of eight pixels is permitted. 


Register | 9Dots/ | 8 Dots/ Fae 
Value Character | Character Mode 


TABLE 5-7. LEFT SHIFT PIXEL VALUE 
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5.8.8 Color Select Register 


Read Port = 3Cih, 
Write Port = 3Ch, 
Index = 14h 


| Bir | FUNCTION, 
| 3 |scoor7 
| 2 |scoors 
fo [scoors 
Bits [7:4] 

Reserved. 

Bits [3:2] - Color Value MSB 


These are the two most significant Bits of the 
eight-digit color value for the video DAC. They are 
normally used in all modes except 526 color 
graphics. 


ADDRESS OPERATION 


DAC State (Read Only) 


PEL Address Port (Write) Read/Write Port 
PEL Address Port (Read) Read Only Port 


If Bits 1:0 are set to 1, DAC is in a read operation 
If Bits 1:0 are set to 0, DAC is in a write operation 
Bits 7:2 are reserved 


PEL Mask (Read/Write) Refer to CAUTION 
PEL Data Register (Read/Write) | Three successive read/write bytes 


CAUTION 
Do not write to this address with any application code. To do so 
changes the color look-up table. 
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Te] runenon 
3 | 2 | 

bef faecoeraoe —— 
++ [setenv 


Bits [1:0] - Substituted Color Value Bits 


These Bits can be substituted for VIDS an VID4 
output by the Attribute Controller palette registers, 
to create elght-Bit color value. They are selected 
by the Attribute Controller Mode Control Register 
at Port 3COh, Index 10h. 


5.9 VIDEO RAMDAC PORTS 


The Video RAMDAC is implemented externally to 
the WD90C33. However, the WPLT and RPLT 
signals required by the RAMDAC are provided by 
the WDS0C33. Setting PR16 Bit 0 to 1 de-asserts 
WPLT disabling I/O writes to the RAMDAC. 
Normally, the WPLT and RPLT signals to the 
RAMDAC are generated when selected 1/O ports 
are written to or read from as listed in Table 5-8. 


TABLE 5-8. VIDEO RAMDAC PORTS 
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6.0 COMPATIBILITY REGISTERS 


6.1 INTRODUCTION NOTES 

1. The Compatibility Registers are 
available only in 6845 mode (non- 
VGA), which is enabled by setting 
register PR2(6) = 1. 

2. The AT&T/M24 Register also requires 
that M24 mode be enabled. This is 
done by setting register PR2(7) = 1. 

3. The value indicated by “?” is controlled 
by Bit 0 of the Miscellaneous Output 
Register at Port 3CCh/3C2h and is 
programmed as shown below: 

0 = Bin Monochrome Modes 
1 = D in Color Modes 


[Color Select Register ——~(s02 
[aTaTh2s Rogier —*(s0E 


Preset Light Pen Latch 3B9 (Mono) 
3DC (CGA) 


Clear Light Pen Latch 


ADDRESS 


Preset Light Pen Latch 


Wo | 
[ew ugie Pon taen [wo 268 | 208 | 08 [| 
aratm2s twot OE 
Hercules = |wot | 
|CRTC (6845 Mode) | RW | 380-987 | sd0-307 | 300307 | 380-387 __ 


NOTES: 
1. Addresses are given in hexadecimal notation. 
2. WO indicates Write Only, RO indicates Read Only, and RW indicates Read and Write. 
TABLE 6-1. COMPATIBILITY REGISTER SUMMARY 
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6.2 HERCULES/MDA MODE CONTROL 
REGISTER, MDA OPERATION 


Write Only Port = 3B8h 


7 Reserved/Display Memory 
Page Select 


6 _[Rovoned 
[5 [enable pie 
3 |wdeoeratis 
ee or 
To [High Resoition Mode 


Bit 7 - Select Display Memory Page Address In 
Hercules Mode 


Reserved in MDA mode 
In Hercules Graphics mode, this Bit selects the 
Display Memory Page if Bit 1 of this register is1 
and Bit 0 in Port 3BFh is 0. 
0 = Display memory page address starts at 
BO00:0h 
1 = Display memory page address starts at 
Bs00:0h 
Bit 6 


Reserved. 


Bit 5 - Enable Blink 
0 = Disable Blinking 
1 = Enable Blinking 
Bit 4 


Reserved 


Bit 3 - Video Enable 
0 = Video Disabled 
1 = Video Activated 
Bit 2 


Reserved. 


Bit 1 - Port 3BFh Enabled 
0 = Prevents setting of Port 3BFh Bits 1:0, 
thereby forcing the alpha mode operation 
1 = Allows the Port 3BFh Bits 1:0 to switch for 
the alpha or graphics mode selection 
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Bit 0 - High Resolution Mode 
Should be set to 1. 


0 = High resolution disabled 
1 = High resolution is enabled 


6.3 HERCULES REGISTERS 


The Hercules Mode Register is a 2-Bit write only 
register located at VO port address 3BFh. It 
affects the device operation only in the 6845 
mode. The Enable Mode Register located at 
address 3B8h overrides the write port 3BFh func- 
tions defined by its Bits 1 and 0. 


6.3.1 Enable Mode Register 
Port 3B8h 


7 Display Memory Page Address Graph- 
ics Mode 


| 6 |Reseved 
| 8 Enable pink 
| 4 [Reserved 
| 3 |VideoEnabie 
| 2 [Reserved 
| 1 [Por SBF BitOOverride 
Eo | 


High Resolution Mode = 1 


Bit 7 - Select Display Memory Page Address In 
Graphics Mode 
0 = Display memory page address starts at 
BO00:0h 
1 = Display memory page address starts at 
B800:0h 
Bits (6:2, 0) 


Not applicable in Hercules Mode. 


Bit 1 - Port 3BFh, Bit O Override 
0 = Prevents setting of Port 3BFh, Bit 0, thereby 
forcing the Aipha Mode operation 
1 = Allows the Port 3BFh, Bit 0 to switch for the 
Alpha or Graphics Mode selection 
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6.3.2 Hercules Compatibility Register 
Write Only Port = 3BFh 
This register is locked if PR17(1) = 1 


Upper Memory Page Address 
Enable Graphics 


Bits [7:2] 
Reserved. 


a 
EJOr | 


Bit 1 - Upper Memory Page Address 


In graphics mode, Bit 7 of the Enable Mode Con- 
trol Register at Port 3B8h selects the displayed 
memory page address. When that Bit is reset, Bit 
1 of this register prevents access to the second 
memory page, located at B800:0h for the 32 
Kbyte memory space. 


O = Upper memory page is mapped out 
1 = Upper memory page is accessible 
Bit 0 - Enable Graphics 


Bit 1 of Enable Mode Register at Port 3B8h may 
prevent setting this Bit, thereby selecting Alpha 
Mode display. 


0 = Alpha mode display 
1 = Graphics modes may be displayed 


6.4 CGA REGISTERS 


6.4.1 Color CGA Operation Register 
Write Only Port = 3D8h 


| SSCFUNCTION, 
senses 
[4 [Bw Graphics neds 
[3 [enable Wéoo 
2 [ewicoler Mode Sele 
[1 [eraphics/Alpha Mode Seid 
[0 [40 by 25) or 60 by 25) Apha Node 


| 5 | Graphics Mode Color Set 


Bits [7:6] 
Reserved. 


Bit 5 - Enable Blink Function 
0 = Disables blinking function 
1 = For normal operation, set this Bit to allow 
blinking 
Bit 4 - B/W Graphics Mode Enable 
0 = Deselect 640 by 200 B/W graphics mode 
1 = Enable 640 by 200 B/W graphics mode 
Bit 3 - Enable Video Signal 
0 = Deactivates video signal (This is done 
during mode changes) 
1 = B/W mode enabled 
Bit 2 - B/W or Color Display Mode 
O = Color mode selected 
1 = B/W mode selected 
Bit 1 - Graphics or Alpha Mode Selection 
0 = Alpha mode selected 
1 = Graphics mode (320 by 200) selected 
Bit 0 - Alpha Mode Selection, (40 by 25) or (80 
by 25) 
O = 40 by 25 alpha mode selected 
1 = 80 by 25 alpha mode selected 


6.4.2 CGA Color Select Register 
Write Only Port = 3D9h 
er [FUNCTION —_—=é 


| 4 |AtternatecolorSet 

|_3 [High intensity Component 
Red Component 

| 1 |GreenComponent 

| 0 |BlueComponent 


Bits [7:6] 
Reserved. 
Bit 5 - 320 by 200 Color Set Select for the CGA 
(2-Bits per pixel) 
O = Background, green, red, brown colors 
1 = Background, cyan, magenta, white colors 
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Bit 4 - Alternate Color Set Enable 

0 = Background color in alpha mode 

1 = Enable alternate color set in graphics mode 
Bit 3 - High Intensity Component 


Border color select in text modes and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 


Alphanumeric mode 
0 = No selection 
1 = Selects intensified border color 
320 by 200 Graphics Mode 
0 = No selection 
1 = Selects intensified background and border 
color 
640 by 200 Graphics Mode 
0 = No selection 
1 = Selects red foreground color 
Bit 2 - Red Component 


Border color select in text modes and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 


Aiphanumeric Mode 

0 = No component added 

1 = Red component added to border color 
320 by 200 Graphics Mode 

0 = No component added 


1 = Red component added to background and 
border color 


640 by 200 Graphics Mode 
0 = No component added 
1 = Red component added to foreground color 
Bit 1 - Green Component 


Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 


Alphanumeric Mode 

0 = No component added 

1 = Green component added to border color 
320 by 200 Graphics Mode 

0 = No component added 


1 = Green component added to background and 
border color 
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640 by 200 Graphics Mode 


0 = No component added 
1 = Green component added to foreground 
color 


Bit 0 - Blue Component 
Border color select in text modes and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 
Alphanumerlce Mode 
0 = No component added 
1 = Blue component added to border color 
320 by 200 Graphics Mode 


0 = No component added 
1 = Blue component added to background and 
border color 


640 by 200 Graphics Mode 


0 = No component added 
1 = Blue component added to foreground color 


6.4.3 CRT Status Register, MDA Operation 
Read Only Port = 3BAh 

Cer [FUNCTION —__—is 
| 64 |Reseved 
Ts [BW Video Enabid 
| 21 |Reseved 
2S aa 


Bit 7 - Vertical Retrace 


0 = Indicates that the raster is in vertical retrace 
mode 

1 = Indicates vertical retrace is inactive (inverted 
VSYNC if I/O is mapped into 3BXh) 


Bits [6:4] 
Reserved. 


Bit 3 - B/W Video Status 
0 = B/W Video disabled 
1 = B/W Video enabled 
Bits [2:1] 


Reserved. 
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Bit 0 - Display Enable 
0 = Display Enable is active 


1 = Indicates that the screen border or blanking 
Is active, Display Enable is inactive 


6.4.4 CRT Status Register, CGA Operation 
Read Only Port = 3DAh 


VSYNC Active 


3 
2 |ht Pen Swich Sans 
Pa 
ee 


Light Pen Latch Set 


Display Enable Inactive 


Bits [7:4] 
Reserved. 


Bit 3 - Vertical Retrace 
O = Indicates that vertical retrace is inactive 
1 = Indicates that the raster is in vertical retrace 
mode 
Bit 2 - Light Pen Switch Status 
0 = Light pen switch closed 
1 = Light pen switch open 
Bit 1 - Light Pen Latch 
0 = Light pen latch cleared 
1 = Light pen latch set 
Bit 0 - Display Enable 
0 = Display Enable is active 
1 = Indicates that the screen border or blanking 
is active, Display Enable is inactive 


6.4.5 AT&T/M24 Register 
Write Only Port = 3DEh 


This is a write only, 8-Bit register located at 
address 3DEn. It is used to control the 640 by 400 
AT&T graphics mode. All Bits are set to zero by 
reset. This register is enabled by setting Bit 7 in 
register PR2. 


COMPATIBILITY REGISTERS 


Cer] FUNCTION 
| 6 | White/Blue Underine | 
| 5:4 |Reseved 
[3 | Memory Map Display 
| 2 |Character Set Select 
[1 [Reserves 
[0 | AT&TMode Enable 
Bits (7, 5, 4, 1) 

Reserved. 

Bit 6 - White/Blue Underline 


Defines underline attribute according to the MDA 
display requirements. 


0 = Underline attribute selects blue foreground 
in color text modes 
1 = Underline attribute selects white underlined 
foreground 
Bit 3 - Page Select 


Selects between one or two-16 Kbyte RAM page 
for display in 200 line graphics mode. 


0 = Display memory address starts at B800:0h 
(16 Kbyte length) 
1 = Display memory address starts at BCO00:0h 
(16 Kbyte length) 
Bit 2 - Character Set Select 


Selects between two character font planes. 


O = Standard character font from plane 2 

1 = Alternate character font from plane 3 

Bit 0 - M24 or Non-IBM Graphics Mode, 
400-line mode . 


A 400-line monitor is required for this mode. 


0 = 200-line graphics mode active, using paired 
lines 
1 = AT&T mode enabled for 400-line graphics 
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7.1 INTRODUCTION 


The WD90C33 has additional features that 
enhance the performance and functions of the 
basic VGA subsystem. To accomplish this, the 
WDS90C33 architecture is optimized with addi- 
tional VO registers called Paradise registers. 


The Paradise (PR) registers are located at VO 
addresses that are not used in IBM compatible 
computers. All PR registers are read/write, and 
are set to 0 during power-on and reset unless oth- 
erwise noted. 


NOTES 


1. The designation 375h means that the 
register is mapped into either 3B5h in 
monochrome mode or 3D5h in color 
modes. 

2. PR Register notation - XXX:YY where 
XXX is the data port address and YY 
is the register index. For example, 
address 3CF:0Fh indicates that the 
register base address is 3CFh, and 
OFh is the base register index. 

3. Registers PRO through PR4 and PR11 
through PR1A are normally locked. 
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They are write protected at power-up 
by the hardware reset. In order to load 
those registers, the appropriate 
unlock register PR5 or PR10 must be 
loaded first with binary XXXXX101. A 
register remains unlocked until 
another value is written to the 
unlocked register. Registers PRO 
through PR5 are readable only if PR4 
Bit 1 = 0. Registers PR10 through 
PR17 are read protected at power up 
by hardware reset. In order to read 
registers PR10 through PR17, load 
PR10 with 1XXXOXXX. The register 
remains readable until any other value 
is written to PR10. When registers 
PR10 through PR17 are read 
protected, reading them would show 
data to be FFh. Setting PR4 Bit 1 to 1 
does not read protect registers PR10 
through PR17. PR21-PR23 and 
PR30-PR35 are R/W protected by 
PR20. PR20 must be loaded with 48h 
to make it possible to read or write to 
PR21-PR23 and PR30-PR35. 
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[No [—sSNAME.——~=~*~“‘*«‘d'CSéae:«[”~=MONO | COLOR 
PRO(A) [Address Offset ——=~=~*~‘“‘~*~*~srCSCRSC*dSCSC RO ~~ 
[PRO(B) [Address OrfsetB (Atemate) ‘(| _RW | aCROA | CROA 
[PRI |MemoySize ——=—=~S*~CSCSR «COB | acon 
[Pre |videoSelet—=S=~“~*~*~S*dSCR «OOS 
[pas [CAT Control —=—S=SC*C~“~*~*~*‘dCSR «YS CROD COD 
[PRA |video Como) ~*~‘ ROE | 
PRS [Unlock (PRO through PRA) Status | __RW | _sCroF | aCror 
PRIO [Unlock (PRIA through PRI7) ‘| _RW | 985.29 | 30529 
TPRIt [Configuration Swiches __——=«di_-RW (| 98528 | 80520 
Ppri2 |scratchPad—=SSSC*~=<“~*~*~idCSCSR SC 
PRIS |imeriaceH2 Sat ——SSCSC~*~‘dCSCiR SBC «|= C 
PRIA lineriace 2 End ——SSC*~‘dCSCSiR BD 
PRIS [Miscellaneous Controli_——=~=~=~iditC*éa=«d;~SSB E+ ~~ 
TPRI6 [Miscellaneous Controi2—~=~S~*~*~dtC*éz ar 
CPRI7 [Miscellaneous Controts_____——~«i|_-~RW | ~—98539 | 90550 
TPR16_ [CRTC Verical Timing Gveriow ‘| RW | 9B59c | aDsaE 
TPRi9 [signature Analyzer Control ——=«ditCSCRW «SCF | ~SCDOF_ 
[= |Reserved 3X6.3th through &xSaCh |__| $B5.97-988.0 | abSaT-80550 
[PR20_|Unlock Sequencer Exendedlegisters | __W | _sC50s | _3c505 
PR21 [Display Configuration and Scratch Pad_| RW | _acsor | _acs.a7_ 
Tpr22 [Scratchpad —=SSSSS*S~*~dtC*ia a8 «| SCC 


| PR23 |Scratch Pad | RW | 3C5.09 3C5.09 


Memory Interface Write Buffer and 3C5.10 3C5.10 
FIFO Control 


| PR31 | System Interface Control | RW 305.11 305.11 
| PR32 | Miscellaneous Control 4 | RW 305.12 305.12 


DRAM Timing and Zero Wait State 305.13 305.13 
Control 


PRGA |Video Memory Mapping [aw | aceie | acara 
TPRas |Rosoved SSSCS~C 8 «dS 


NOTES: 
1. All PR register can be read/write protected. Refer to the particular PR register description 
for additional information. 
2. Aregister description from locations such as 3CF.09h is the value read from, or written to, 
the location 3CFnh, after a value of 09h has been written to the corresponding Index register 
3CEh. 


TABLE 7-1. PARADISE (PR) REGISTER SUMMARY 
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7.2 ADDRESS OFFSET REGISTERS 
PRO(A) AND PROB) 


7.2.1 PRO(A) - Address Offset Register A 
Read/Write Port = 3CFh, Index = 09h 
This register is unlocked if PR5[2:0] = 5. 


Primary Address Offset Bits 


Bit 8 of this register is located at 3C5h, Index 14, 
Bit 6. 


7.2.2 PRO(B) - CPU Address Offset 
Register B 


Read/Write Port = 3CFh, index = 0OAh 
This register is unlocked if PR5{[2:0} = 5. 


7:0 Alternate Address Offset Bits 


Bit 8 of this register is located at 3C5h, Index 14, 
Bit 7. 


The WD90C33 can control up to 2 Mbytes of dis- 
play memory. However, DOS only assigns 128 
Kbytes total memory space for display memory, 
which starts at A0000h and ends at BFFFFh. To 
help VGA reach the memory beyond this range, 
the WDS0C33 has two CPU address offset regis- 
ters, PRO(A) and PRO(B) which can be used to 
support more than 128 Kbytes of linear display 
memory address space. 


e 4 Kbyte Address Offset 


The CPU addresses are offset by the PRO regis- 
ter setting as follows: 


MODIFIED 
CPU A[20:12 


; WD90C33 


e Sequencer Extension Register 3C5h, 
Index = 11h, Bit 7 =0 


When PR1 Bit 3 = 0, PRO(A) is always selected 
as the CPU address offset register. 


Example 1. PR1 Bit 3 = 1 and the display mem- 
ory is mapped into AO000 - BFFFF (128 Kbytes). 
PRO(A) offset CPU address range is BOO00 - 
BFFFF, the PRO(B) offset CPU address range is 
AOO000 - AFFFF. (If CPU address Bit A16 = 1, 
select PRO(A). Otherwise PRO(B) is selected.) 


Example 2. PR1 Bit 3 = 1 and the display mem- 
ory is mapped into A0000 - AFFFF (64 Kbytes) or 
BO000 - B7FFF or B8000 - BFFFF (32 Kbytes). 
PRO(B) offset CPU address range is AO000 - 
A7FFF or BO000 - B7FFF. PRO(A) offset CPU 
address range is A8000 - AFFFF or B8s000 - 
BFFFF. (f CPU address Bit A15 = 1, select 
PRO(A). Otherwise PRO(B) is selected.) 


© Sequencer Extension Register 3C5h, 
index = 1th, Bit 7 = 1 


Both PRO(A) and PRO(B) are enabled. A CPU 
memory write selects PRO(B) as the offset regis- 
ter. During a CPU memory read cycle, PRO(A) is 
selected as the offset register. 


7.3. PARADISE (PR) REGISTER 
DESCRIPTIONS 


7.3.1 PR1-Memory Size 
Read/write Port = 3CFh, Index = OBh 
This register is unlocked if PR5[2:0] = 5. 


| Bir | FUNCTION, 
[5:4 |Memory Mapping 


Enable Alternate Address Offset Reg- 
ister PRO(B) 


16-Bit System Interface 


| 4 | 16-Bit BIOS ROM 
| 0 | BIOS ROM Map Out 


This register is 8-Bits wide. Bits PR1[1:0] are 
latched internally at power on reset from the cor- 
responding memory data bus pins MD10, MDO, 
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using either pull-up or pull-down external resis- 
tors. Pull-up resistors on MD10, MDO cause 
PR1[1:0] Bits to be latched low. 


Bits[7:6] - Memory Size 


These two Bits control memory size and memory 
organization. They both must be set to reflect the 
amount of memory installed. IF PR16(1) is set to 
1, the memory mapping will be set identical to the 


Refer to notes following Table 7-6. 


PARADISE REGISTERS 


IBM VGA mode, regardiess of PR1(7), PR1(6). 
PR18(7) is used in conjunction with these two Bits 
to control memory address mapping. 


Tables 7-2 through 7-6 list the applicable settings 
of PR1 Bits 7 and 6 for different memory organiza- 
tions. 


PR1(7) = 0, PR1(6) = 0, PR18(7)=0, IBM VGA MODE, 256 KBYTES 
ADDRESS FROM CPU OR CRTC 


eS WORD WIDE DOUBLEWORD WIDE 


CRT/ CRT/ 
BITBLT BITBLT 


ay fea) fay cacy facts) cai) Mat) 


CA(0) A(14) or ~— | CA(15) or4 CA(12) MA(0) 
XRN(5) CA(13) 


ADDRESS TO 
VIDEO 
MEMORY 


TABLE 7-2. IBM COMPATIBLE VGA MEMORY ORGANIZATION, 256K BYTES TOTAL 
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Refer to notes following Table 7-6. 


PR1(7) = 0, PR1(6) = 1, PR18(7)=0, WD VGA MODE, 256 KBYTES 
ADDRESS FROM CPU OR CRTC 
BYTE WIDE WORD WIDE DOUBLEWORD WIDE 
MA(17) 


CRT/ CRT/ CRT/ 
BITBLT BITBLT BITBLT 
MA(16) 


lo fe 
fAgi4) oat) fara) feats) fate) cara) | MAI) 
en eee ee ee ee ee 


awe 

ee ee ee ee ee ee ee 

faa) cay fa) toa) fa) ca) | Maa) 
Tay _«fcay) 


CA(0) A(16) or? =| CA(15) A(2) CA(0) MA(O) 
XRN(5) 


TABLE 7-3. WD90C33 MEMORY ORGANIZATION, 256K BYTES 


ADDRESS TO 
VIDEO 


Refer to notes following Table 7-6. 


DOUBLEWORD WIDE 
VIDEO 


ES (7 OT 

a a 
joa) [assy [oar [aun [ary [macy 
[ava Joa [avg ears) [ave [eave | Maa 
ea ne er ca ea 


ee ae eee See See ee eee Ae ee 
ae. _jeste._ sae fea ___falsi —__ fest _f__ la) 


fay) CAA) ) fatty) sca) 0) Aa) | ICAI) 1) | MAT) ) 


ca cl al 
XRAN(5) 


TABLE 7-4. WD90C33 MEMORY ORGANIZATION, 512K BYTES, 128K BYTES PER PLANE 


ADDRESS TO 
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Refer to notes following Table 7-6. 
DOUBLEWORD WIDE 


ADDRESS TO 


CRT/ CRT/ CRT/ VIDEO 
BITBLT BITBLT BITBLT MEMORY 


fay) foaa7) fac) fate) fas) fcacr7) | MACIZ) 
facie) cae) arte) cats) fata) cate) | MA(IG)— 
facts) oats) facts) cai) faci) cacis) | MACS) 
facia) aca) facia) cata) fate) cata) | MACIA) 
jai) [easy aga) fear) facts) cars) | MAIS) 
ae ae See ae eee 


Ese | 
fay fca) fa) [Ay fy Ca) | MA) 
Ea a Ce Fe cao) |G) CAC) | MAC) 


i __e_aage fos fefee [oe 
XRN(5) 


TABLE 7-5. WD90C33 MEMORY ORGANIZATION, 1M BYTES, 256K BYTES PER PLANE 
Refer to notes following Table 7-6. 
PR1(7) = 1, PR1(6) = 1, PR18(7)=1, WD VGA MODE, 2 MBYTE 
ADDRESS FROM CPU OR CRTC 
BYTE WIDE WORD WIDE DOUBLEWORD WIDE ADDRESS TO 


CRT/ CRT/ CRT/ VIDEO 
BITBLT BITBLT BITBLT MEMORY 
A(18) = 0 First 1 MB 
Selected (RAS) 
A(20) = 1 Second 1 MB 
Selected central 


cate) (A(t) CAIZ)— | MACIZ) 

Ate) Cacie) Ate) (CANS) —fA(18)_— (CAS) — | MAC) 
Ais) [Cati5) fas) CAC) — Ai) —[CACtS) | MAI) 
(14) fcaciay facta) [caciay atte) CATA) — | MAI) 
ia) cams) faci) [cay fas) [caiay | Mat) 
ee ee ee ee ee ee ee 
a2) toa) fay) [cay) A) CA) MA) 
aay) cay fay) [caw ty) [cay | MAH) 


CA(0) A(16) or3 CA(15) CA(0) 
XRN(5) 


TABLE 7-6. WD90C33 MEMORY ORGANIZATION, 2M BYTES, 256K BYTES PER PLANE 
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NOTES FOR TABLES 7-2 THROUGH 7-6 
1. A[20:0] are WD90C33 internally 


modified CPU addresses (CPU 
address plus offset address). 

. CA[18:0] are either CRT Character 
Address Counter bits or BITBLT 
generated address bits. 

. XRN(5) represents the inverted Bit 5 
or the Miscellaneous Output Register 
(3C2h). XRN(5) can be used to 
replace CPU address Bits in order to 
select memory pages in word mode. 
For IBM compatible memory 
mapping, 3C5.4 (1) = 1 selects 
XRN(5) to replace CPU address Bits. 
In other memory mapping schemes, if 
PR1[7:6] are not set to 00, 3C5.4 (1) = 
1 and PR16 (2) = 1 will select XRN(5) 
to replace address Bits. 

. CA(15) is selected as MA(0) If CRTC 
Mode Register 17, Bit 5 = 1 in word 
addressing modes. 

. PAis the memory plane select Bit 
when the DRAM interface is set for 16 
Bits. 

PA = 0 selects Plane 1, 0 

PA = 1 selects Plane 3, 2 


6. MA[17:0] are divided into RAS and 
CAS addresses as follows: 


MEMORY 
CONFIGURATION 


256K X16 DRAM |MA(16)- {RAS 
MA(8) RAS 


64K X16 DRAM _|MA(15)- 
MA(8) 


MA(7)- 
MA(O) 
Select first 64K bank 
Select second 64K bank 


8)- 


—_——™™ 
oO 
— 


Din QIO 
>| > >|> 
alo Bin 
Co Sa 


MA(17, 16)=00 
MA(17,16)=01 
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Bits [5:4] - PR1[5:4}] Memory Map Select 


These two Bits select the way the display memory 
is mapped into CPU address space. 


IBM VGA mapping 

CPU addresses are decoded 
from OA0000h - OBFFFFh from 
the lowest 1 Mbyte CPU 
address space (depending on 
3CF.06 Bits 2 and 3). 


First 256 Kbyte in any 1 Mbyte 
CPU addressing space 
(X00000h - X3FFFFh) 


First 512 Kbyte in any 1 Mbyte 
CPU addressing space 
(X00000h - X7FFFFh) 


In any 1Mbyte CPU address 
space (X00000h - XFFFFFh) 


PR34(3C5.14) Bits [3:0] control which 1 Mbyte 
of CPU address space the WD90C33 maps 
(refer to Section 7.3.26). 


Bit 3 - Enable Alternate Address Offset 
Register PRO(B) 
0 = PRO(A) is selected as address offset 
1 = PRO(B) is selected as address offset 
Bit 2 - Enable 16 Bit system interface bus 
0 = System interface is 8 Bits 
1 = System interface is 16 Bits 
Bit 1 - 16-Bit BIOS ROM 
0 = BIOS ROM access is 8 Bits 
1 = BIOS ROM access is 16 Bits 


A pull-down resistor on MD10 sets this Bit to 1 
after power-on reset. 
Bit 0 - BIOS ROM Map Out 


0 = The BIOS ROM is available 
1 = The BIOS ROM is mapped out 


A pull-down resistor on MDO sets this Bit to 1 at 


power-on or reset. 


7.3.2 PR2- Video Select Register 
Read/write Port = 3CFh, Index = O0Ch 
This register is unlocked if PR5[2:0] = 5. 


7 AT&T/M24 Mode Enable 


Bit 7 - Enable AT&T/M24 Register and Mode 
0 = Disable 
1 = Enable 
Bit 6 - 6845 Compatibility 
0 = VGA or EGA mode 
1 = Non-VGA (6845) mode 
Bit 5 - Character Map Select 


Bits 5 and 2 of this register, and Bit 4 of the 
Attribute byte, enables character maps from 
Planes 2 or 3 to be selected as shown in the fol- 
lowing list: 


ATT | PLANE 
(4) | SELECT 


= 
4 


The above functions are overridden by setting 
PR15(2) or 3DE(2) to 1 (refer to Section 7.3.12). 
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Bits [4:3] - Character Clock Perlod Control 


IBM VGA character clock 

(8 or 9 dots) 

7 dots (used for 132-character 
text mode only) 


6 dots if PR17(5) = 0 
10 dots if PR17(5) = 1 
NOTE: 
The character clock period control functions 


have no effect in graphics modes (Graphics 
Mode always uses eight dots) 


Bit 2 - Underline and Character Map Select 


Setting this Bit to 1 enables underline for all odd 
values of attribute codes, e.g., programming 1 
gives blue underline. It overrides the background 
color function of the Attribute Code Bit 3, which is 
forced to 0. Therefore, only eight choices of back- 
ground colors are selectable. This function allows 
trading background colors for more character 
maps. In conjunction with PR2(5), this Bit is also 
decoded to enable character maps from planes 2 
or 3. Refer to the PR2, Bit 5 description for addi- 
tional information. 


Bit 1 - Third Clock Select Line 


This Bit is the third clock select line VCLK2 which 
is sent to the external clock chip if CNF(3) = 1. 
When CNF(3) = 0, It locks the internal video clock 
select multiplexer. 


Bit 0 - Force VCLK 


This Bit forces horizontal sync timing clock of the 
CRT Control Register to VCLK. 


Uses VCLK when Sequencer Register 1, Bit 3, is 
set for VCLK/2. This is for compatibility modes 
that require locking the CRT Control Register tim- 
ing parameters. 


WD90C33 


7.3.3 PR3- CRT Lock Control Register 
Read/write Port = 3CFh, Index= O0Dh 
This register is unlocked if PR5[2:0] = 5. 


per [FUNCTION 


6 [heck HSYNG Potarty 
Ts [beck Heer ining 
ma fei econo 
[3s _[etscona 
2 fort cons 
[1 [tek ravenion 
0 [heck varied Tang 


Bit 7 - Lock VSYNC Polarity 


This Bit locks VSYNC polarity as programmed at 
Port 3C2h, Bit 7. 


Bit 6 - Lock HSYNC Polarity 


This Bit locks HSYNC polarity as programmed at 
Port 3C2h, Bit 6. 


Bit 5 - Lock Horizontal Timing 


This Bit locks CRT Control Registers of Groups 4 
and 0. It prevents applications software from 
unlocking Group 0 registers by setting 375.11 Bit 
7 = (0. 


Bit 4 - Bit 9 Control 


Bit 9 of CRT Controller Start Memory Address 
High Register 375.0C and Bit 9 of Cursor Location 
High 375.0E. This Bit corresponds to Character 
Address CA(17). 


Bit 3 - Bit 8 Control 


Bit 8 of CRT Controller Start Memory Address 
High Register 375.0C and Bit 8 of Cursor Location 
High 3?75.0E. This Bit corresponds to Character 
Address CA(16). 


Bit 2 - Cursor Control 


Cursor Start, Stop, Preset Row Scan and Maxi- 
mum Scan Line Address registers value multiplied 
by two. 
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Bit 1- Lock Prevention 


When set to 1, this Bit prevents attempts by appli- 
cations software to lock registers of Group 1 by 
setting 375.11, Bit 7 = 1. 


Bit 0- Lock vertical timing 


When set to 1, this Bit locks CRTC registers of 
Groups 2 and 3 and overrides attempts by appli- 
cations software to unlock Group 2 registers by 
setting 375.11, Bit 7 = 0. 


7.3.4 CRT Controller Register Locking 


Register locking is controlled by four Bits. They 
are PR3(5,1,0) and 375.11(7) (i.e. IBM Vertical 
Retrace End Register Bit 7 controlled by index 
register 11). When 375.11 Bit 7 = 1, CRT control- 
ler registers [RO:7] are write-protected per VGA 
definition. For more information on the five groups 
and their locking schemes, refer to the following 
sections. 


¢ Group 0 


These registers are locked if PR3(5) = 1 OR 
3?75.11(7) = 1. 


ADDRESS 375h 


7:0 | Horizontal Total Characters 
per Scan 

7:0 | Horizontal Display Enable 
End 


| 02 | 7:0 _| Start Horizontal Blanking | 
| o3_| 7:0 _| End Horizontal Blanking | 
| 04 | 7:0 _| Start Horizontal Retrace 
| 05 | 7:0 | End Horizontal Retrace 


PARADISE REGISTERS 


e Group 1 


These registers are locked if PR3(1) = 0 AND 
375.11(7) = 1. 


ADDRESS 375h 


07 Vertical Display Enable 
End Bit 9 
7 1 Vertical Display Enable 
End Bit 8 
Vertical Display Enable 
End Bit 10 
e Group 2 


These registers are locked if PR3(0) = 1 OR 
375.11(7) = 1. 


ADDRESS 375h 


INDEX | BIT(S) | 

| 06 | 7:0 | Verical Total 
| 07 | 5 | Vertical Totalsito 
| 07 | 3 | Start Verical Blank Bit 8 
| 07 | 2 _| Vertical Retrace Start Bit 8 | 
| 07 | 0 |VericalTotalpits | 
| 09 | 5 _| Start Venical Blank Bit 9 | 
| 3E | 0 | Vertical Total B10 
| 3E | 2 | Vertical Retrace Start Bit 10 | 
| 3&_ | 3 | Start Vertical Blank Bit 10_| 


¢ Group 3 
These registers are locked if PR3(0) = 1. 


ADDRESS 375h 


INDEX | BIT(S) | 

| 10 | 7:0 | Vertical Retrace Start 
| 11 | 3:0 | Vertical Retrace End 
| 15 | 7:0 | Start Vertical Blanking 
| 16 | 7:0 [End Vertical Blanking | 
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¢ Group 4 
This register is locked If PR3(5) = 1. 


CRTC Mode Control Register 17 (Bit 2) - Selects 
divide-by-two vertical timing. 


7.3.5 PR4- Video Control Register 
Read/write Port = 3CFh, Index = OEh 


The video monitor output control register (PR4) 
can be programmed to tristate the CRT display 
control outputs, as well as video data for the 
RAMDAC and memory control outputs. 


This register is unlocked If PR5{2:0] = 5. 


BLANK/Display Enable 


| BIT 

| 6 [POLK VCKK 
| 5 | Tristate Video Outputs 
| 4 
ze 


Tristate Memory Control Outputs 
Override CGA Enable Video Bit 


Lock Internal Palette and Overscan 
Registers 


| 4 | EGA Compatibility 


Extended 256-color Shift Register 
Control 


Bit 7 - BLANK/Display Enable 


This Bit controls the output signal BLANK. Nor- 
mally in the VGA mode, BLANK is used by the 
external video DAC to generate blanking. 


With this Bit set to 1, the BLANK output supplies a 
display enable signal. A choice of two types of 
display enable timing can be selected and is 
determined by PR15(1). 


Bit 6 - Select PCLK equal to VCLK 
0 = PCLK is either the inverted interna! video 
dot clock or half the dot clock frequency, 
depending upon the video mode 
1 = PCLK is always the non-inverted VCLK 
input clock 
Bit 5 - Tristate Video Outputs 


With this Bit set to 1, the video outputs VID[7:0], 
HSYNC, VSYNC, and BLANK are tristated. 


WD90C33 


Bit 4 - Tristate Memory Control! Outputs 


With this Bit set to 1, the memory address bus, 
MAJ[8:0], and ail ten DRAM control signals are 
tristated. 


Bit 3 - Override CGA Enable Video Bit 


Overrides the CGA Enable Video Bit 3 of mode 
register 3D8h, only in 80 by 25 alpha CGA (Non- 
VGA) mode. Override effectively forces this Bit to 
1. Power-on-reset causes no override. 


Bit 2 - Lock Internal Palette and Overscan 
Registers 

With this Bit set to 1, the internal palette and over- 

scan registers are locked. 

Bit 1 - EGA compatibility 


Setting the Bit to 1 selects the EGA Compatible 
Mode. Reads are disabled to all registers that are 
write-only registers in the IBM EGA mode. Also, 
registers at 3COh/3C1h change to write-only 
mode. Reading of PR5 through PRO is disabled. 
In VGA mode [PR(4) Bit 1 = 0], 3COh register is 
read/write while 3C1h register is read only, per the 
Attribute Controller Register definitions. 


Bit 0 - Extended Shift Register Control 


With this Bit set to 1, the extended 256-color 
mode is selected (IBM Mode 13 is not included). 


7.3.6 PRS5- General Purpose Status Bits 
Read/write Port = 3CFh, Index = OFh 


Cem [FUNCTION _—_—+| 
[6 | Read CNF(6) Staus————S—=S 
[5 _[ Read CFS) Staus = 
[4 [Read CNF(a) Staus CS 
[~a_| Read CNF@) Staus = 
[2 [PRAPROUniock id 
[1] PR&-PROUniock C=” 
[0 [PRA-PROUniock SS 


Bits [7:3] - CNF Status 


Bits [7:3] provide a means of reading the read 
only Configuration Register (CNF), Status Bits 
8:4]. CNF[8:4] are described in Section 9. 
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CNF(7) General Purpose Status 


| 6 | CNF(6) General Purpose Status | 
| 5 _|CNF(5) General Purpose Status 
| 4 | CNF(4) General Purpose Status 
| 3 | CNF(8)General Purpose Status 


Bits [2:0] - PR4-PRO 


These are read/write Bits and are cleared by 
reset. They provide lock and unlock capability for 
PR registers PR4 through PRO. The PR4 through 
PRO registers are unlocked when “X5h" is written 
to PRS. They remain unlocked until any other 
value is written to PRS. 


Setting PR4 Bit 1 to 1, read protects registers 
PRS5 through PRO. 


a 
f2/;1{o° STATUS 

Lo[ xx] wite protected | 
xX |1 |x| Write protected 
LX |x| o| Write protected 
[1 [0] | Wiiteenabled 


7.3.7 PR10- Unlock PR1A, PR[17:11] 
Read/write Port = 3?5h, Index = 29h 


PR10 is a read/write register and is cleared by 
reset. PR10 controls access to registers PR1A 
and PR17 through PR11. 


Bir | FUNCTION, 


7 PR1A and PR17 through PR11 Read 
Enable Bit 1 


| 6:4 Reserved (Must be set to 0) 


PR1A and PR17 through PR11 Read 
Enable Bit 0 

PR1A and PR17 through PR11 Write 
Enable 


Bits 7, 3- PR1A, PR[17:11] Read Enable 


Bits (7, 3) enable read operations for PR1A and 
PR17 through PR11. 


Veins | PRIAand PRI7-PRI_ 
Read protected (Read back 

1 data FFh) 
| 0 |ReadEnabled 
Bits 6:4 - Reserved 
Bits [6:4] are reserved, and must be set to 0. 
Bits 2:0 - PR1A, PR[17:11] Write Enable 


Bits [2:0] enable write operations for PR1A and 
PR17 through PR11. 


Rae PRIA and PR17- PR11 


fol x |x| Write protected 
EIRENE’ 


[t{ol1] Wrieenabled 


7.3.8 PR11- Configuration Switches 
Read/write Port = 3?5h, Index = 2Ah 
The configuration switch details are stored in reg- 


_ ister PR11. 


This register is locked if PR10[2:0] is not set to 5. 


Cer | FuNcTiON—+d 
[6 |GeneralPupose 
| 5 |General Pupose 
| 4 |GeneralPupose 
| 3 | EGA Emulation on Analog Display _| 
| 2 [Lock Clock Select 
oe 


Lock Graphics and Sequencer Screen 
Control 


Lock 8/9 Character Clock 


76 ADVANCED INFORMATION 5/27/93 4 


PARADISE REGISTERS 


Bits [7:4] - Configuration Switches 
SW4 through SW1 


These read/write Bits from corresponding mem- 
ory data bus pins MD[15:12] are latched internally 
at power-on-reset with either pull-up or pull-down 
external resistors. Pulling-up MD[15:12] causes 
PR11[7:4] to be latched high. These Bits can be 
read from Bit 4 of the Input Status Register at Port 
3C2h if the EGA compatibility Bit PR4(1) = 1. 
Selection of the Bit to be read is determined by 
Bits 3 and 2 of the Miscellaneous Output Register 
at Port 3C2h, as follows. 


|WRITE3C2h | READ3C2h_ 
|Bir2] Bt 
[0 [panm=ccaswe 

1 [rrie)=Ecaswe 


| 0 | PR14(5) = EGA SW2 
| 4 | 1 | PR11(4)=EGASWI 


These Bits may be used as general purpose 
scratch Bits. 


Bit 3 - Select EGA Emulation on a PS/2 (VGA- 
compatible, analog) display 


This is a read/write Bit and is set to zero at power- 
on-reset. 


Bit 2 - Lock Clock Select 


This Bit locks the internal video clock select multi- 
plexer and disables loading of an external clock 
chip through VCLK1. 


This is a read/write Bit and is set to zero at power- 
on-reset. 


Bit 1 - Lock Graphics Controller/Sequencer 
Screen Control 


Setting this Bit to 1 prevents modification of the 
following Bits in the Graphics Controller as well as 
the Sequencer: 


Graphics Controller3CF.05 Bits [6:5] Sequencer 
3C5.01 Bits [5:2] Sequencer3C5.03 Bits [5:0] 


Although the internal functions selected by the 
graphics controller and sequencer Bits are locked 
by setting PR11 Bit 1 to 1, they appear unlocked 
to the system processor during read operation. 


WD90C33 


This is aread/write Bit and is set to zero at power- 
on-reset. 


Bit 0 - Lock &/9 Dots 


Setting this Bit to 1 prevents modification of the 
Clocking Mode Sequencer Register 3C5.01, Bit 0. 


With this Bit set to 1, elght and nine dot wide char- 
acter timing is locked. Register 3C5h.01 Bit 0 still 
appears unlocked to the system processor during 
read operations. 


This is aread/write Bit and is set to zero at power- 
on-reset. 


7.3.9 PR12- Scratch Pad 
Read/write Port = 375h, Index = 2Bh 
This register is locked if PR10{2:0] is not set to 5. 


7:0 | Scratch Pad Bits [7:0] 


The data in this register is unaffected by hardware 
reset and undefined at power-up. 


7.3.10 PR13 - Interlace H/2 Start 
Read/write Port = 3?5h, Index = 2Ch 
This register is locked if PR10[2:0] is not set to 5. 


| Bir | FUNCTION, 
Interlaced H/2 Start 


The data in this register is unaffected by hardware 
reset and undefined at power-up. 


In interlaced operations, this register defines the 
starting horizontal character count at which verti- 
cal timing is clocked on alternate fields. Interlaced 
operation is enabled by setting PR14(5) to 1. 


All other standard non-interlaced modes are unaf- 
fected by the contents of this register. This regis- 
ter must be programmed with a value derived 
from the values chosen to be programmed into 
the Horizontal Retrace Start Register (375.04) 
and Horizontal Total Register (375.00): 


PR13(7:0] = [HORIZONTAL RETRACE START] - 
[(HORIZONTAL TOTAL + 5)/2] + HRD 
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NOTE 
In the preceding expression, HRD = Hor- 
izontal Retrace Delay, determined by 
Bits 6 and 5 of the Horizontal Retrace 
End Register (375.05). 
7.3.11 PR14 - interlace H/2 End 


Read/write Port = 375h, Index = 2Dh 
This register is locked if PR10[2:0] is not set to 5. 


| BIT | FUNCTION, 
Enable IRQ 


Enable Interlaced Mode 
Interlaced H/2 End 


Bits 7 through 5 are set to 0 by reset. 


Vertical Double Scan for EGA on PS/2 
Display 


Bits 4 through 0 are unaffected by hardware reset 
and undefined at power-up. 


Bit 7 - Enable IRQ 


This Bit may be set to enable CRT interrupts to be 
generated when configured for AT BUS operation, 
allowing EGA compatibility support for interrupt- 
driven EGA applications. For VGA operation with 
an AT BUS, interrupts are not used and this Bit 
should be set to 0. This Bit should not be set to 1 
in MicroChannel operation. 


0 = IRQ disabled (Used in VGA operations with 
an AT bus and MicroChannel operations) 
1 = IRQ enabled 
Bit 6 - Vertical Double Scan 


This Bit should be set to 1 when emulating EGA 
on PS/2 display. Setting this Bit to 1 causes the 
CRTCs Vertical Displayed Line Counter and Row 
Scan Counter to be clocked by divide-by-two hori- 
zontal timing, if vertical sync polarity (3C2h Bit 7 = 
0) is programmed to be positive. Therefore, the 
relationship between the actual number of lines 
displayed [N] and the data [n] programmed into 
the Vertical Display Enable End register is: N= 
2(n+1). 


Likewise, the relationship between the actual 
number of scan lines per character row [N] and 
the data [n] programmed in the maximum Scan 
Line register holds true. 


PARADISE REGISTERS 


Bit 5 - interlaced Mode 


The interlaced mode can be used in those video 
modes in which the data programmed into the 
Maximum Scan Line Address register [375.09] = 
OXX00000. Line compare and double scan are 
not supported. 

0 = Interlaced Mode not enabled 

1 = Interlaced Mode is enabled 
Bits [4:0] - interlaced H/2 End Bits [4:0] 


Add the contents of the Interlaced H/2 Start Reg- 
ister PR13 to the horizontal sync width (same as 
defined by 3X5.04,05). Program the five LSBs of 
the sum into these Bit locations. 

7.3.12 PR15 - Miscellaneous Control 1 
Read/write Port = 3?5h, Index = 2Eh 


This register is locked if PR10{2:0] Is not set to 5. 
BIT 


Read 46E8h Enable 


Te fuonvex 
5 | VeuKt and VOLK? Latched Oupus 
ma [vekemoK 
3 [esta itiacod Conpattiiy 
[2 [enable Page Mode 
1 [select Dispay Enable 
[© [isebio Border 


Bit 7- Enable Reading Port 46E8h 


This Bit is functional only if AT BUS architecture 
[CNF(2)=1] is selected. 


With this Bit set to 1, 1/O Port 46E8h may be read, 
regardiess of the state of its own Bits 4 and 3 and 
of Port 102h, Bit 0 (sleep Bit). Only Bits[4:0] of 
Port 46E8h are readable, Bits [7:5] are 0. 

Bit 6 - High VCLK 

This Bit should be set to 1 when (MCLK in MHz / 
VCLK in MHz) equals 1.5, or in an extended 256- 
color mode. 

With this Bit set to 1, memory timing is adjusted to 
allow use of a video clock (VCLK) frequency 


which is much higher than the memory clock 
(MCLK) frequency. 
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Bit 5 - Latched VCLK1 and VCLK2 


This Bit is used only if CNF(3) = 1, which config- 
ures the VCLK1 and VCLK2 pins as outputs. 


With this Bit set to 1, outputs VCLK2 and VCLK1 
are equal to Bits 3 and 2 of /O write register (Mis- 
cellaneous Output Register) at Port 3C2h, respec- 
tively. 


Bit 4 - Select MCLK as Video Clock 


With this Bit set to 1, MCLK Input is selected for 
the source of all video timing. The other three 
VCLK inputs can not be selected when this Bit is 
set. 


Bit 3 - Interlaced Compatibllity 


This Bit should be set to 1 only if interlaced mode 
is selected (see PR14) and exact timing emula- 
tion of the IBM 8514/A's interlaced video timing is 
required. 


With this Bit set to 1, vertical sync is generated 
from the trailing edge of non-skewed horizontal 
sync instead of the leading edge, as generated for 
VGA timing. Also, two VCLK delays are removed 
from the default VGA video dot path delay chain. 


Bit 2 - Select Page Mode Addressing 


Graphics Modes automatically use Page Mode 
addressing. 


Alpha modes require this Bit to be set to 1 for 
screen refresh memory read cycles to use Page 
Mode addressing.Y Setting this Bit to 1 In any 
Alpha Mode overrides the character map select 
functions of PR2(2) and PR2(5). | 


Page Mode addressing requires less time than 
RAS-CAS addressing, therefore, selecting Page 
Mode addressing increases the bandwidth for the 
CPU to access video memory by 30-40%. 


PR15(2) should be set to 1 if 132 Character Mode 
timing Is selected (see description of PR2). 


When PR15(2) is set to 1, It redefines the Charac- 
ter Map Select Register (3C5.03). One of eight 8K 
memory segments containing a pair of maps in 
Piane 3 or Plane 2 is addressed by Bits[2:0] of 
this register while the map selection is determined 
by Bits[4:3]. A pair of adjacent 8K character maps 
in Planes 3 and 2, (adjacent in the sense that they 


WD90C33 


have the same addressing) may be selected by 
Bit 3 of the Attribute Code. 


The Character Attribute Bit 3 (refer to Section 
5.8.4), in conjunction with Bits 4 and 3 of the 
Character Map Select Register (3C5.03), deter- 
mine a character map from either Plane 3 or 
Plane 2 as shown by the following table. 


The following Character Map Select functions 
override the functions of PR2(5) and PR2(2). 


ATT | PLANE 
a rae 


PR15, Bit 2 must be set to 1 before loading the 
character maps into the video DRAM, because 
the addressing of the page mode character maps 
differs from the addressing of the default, non- 
page mode. However, setting this Bit to 1, inter- 
nally redirects all necessary addressing to make 
loading the character maps the same, whether in 
page mode or non-page mode. 


Bit 1 - Display Enable Timing Select 


This Bit is used to select between two types of 
display enable timings available at output pin 
BLANK if PR4(7) = 1. If PR4(7) = 0, this Bit has no 
effect. 


0 = BLANK supplies Pre-Display Enable (Pre- 
Display Enable timing precedes active video 
by one dot clock) 

1 = BLANK supplies Display Enable (The 
display enable timing coincides with active 
video timing) 

Bit 0 - Disable Border 


Setting this Bit to 1 forces the video outputs to 0 
during the interval when border (overscan) color 
would be active. 
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PARADISE REGISTERS 


7.3.13 PR16 - Miscellaneous Control 2 
Read/write Port = 3?5h, Index = 2Fh 
This register is locked if PR10{2:0] is not set to 5. 


BIT 
7 


External Register 46E8h Lock 


CRT Control Address Count Width Bit 


1 

CRT Control Address Count Width Bit 
0 

CRT Control Address Counter Offset 
Bit 1 

CRT Control Address Counter Offset 
Bit 0 


Enable Odd/Even Page Bit 
VGA Mapping Enable 
Lock RAMDAC Write Strobe 


Bit 7 - Lock External 46E8h Register 


Setting this Bit to 1 causes EBROM output to be 
forced high (Inactive) during /O writes to Port 
46E8h. 


Bits [6:5] - CRT Control Address Counter 
Width 


Power-on-reset clears these Bits to 0. These two 
Bits determine the modulus of the CRT Control- 
ler's address counter, allowing its count width to 
be limited to 64K or 128K locations (Byte, Word, 
Double word). These Bits may be used in virtual 
VGA applications containing 512KB or 1024KB of 
video memory, in which CRT Controller is limited 
to only 64K or 128K locations. Bit PR16(6) should 
be set 1 to ensure VGA and EGA compatible 
operation of the address counter, limited to 64K 
locations. 


| 6 | 5 | COUNTER WIDTH 

| o | o |aseKpytes 
po | 4 |rzekpyes 
| 1 | xX jeskeyes 


Bits [4:3] - CRT Control Address Counter 
Offset 


Bits 4 and 3 are summed with the CRT Control- 
ler's Address Counter Bits CA(17) and CA(16), 
respectively, and the two-Bit result defines the 
starting location of the displayed video buffer at 
one of the four 64K boundaries. 

Bit 2 - Enable Page Bit for Odd/Even 

This Bit affects addressing of memory by the sys- 
tem processor, if chain 2 (Odd/Even) has been 
selected by setting SCF.06(1) to 1, setting 
3C5.04(1) to 1, selecting extended memory and 
setting 3C5.04(3) to O to deselect chain 4 
addressing. It enables the Page Bit for Odd/Even 
[3C2(5)] to select between two pages of memory, 
by controlling video RAM address 0, regardless of 
the Memory Size Bits PR1[7:6]. 


Bit 1- VGA Memory Mapping 


Setting this Bit to 1 selects 256 Kbyte IBM VGA 
Mapping, regardless of the Memory Size Bits 
PR1[7:6]. 


Bit 0 - Lock RAMDAC Write Strobe (3C6h - 
3C9h) 

0 = Normal operation 

1 = Output WPLT to be forced to 1, disabling I/O 
writes to the video DAC registers (The DAC 
State register, located inside the WD90C33, 
is also protected from the modification but 
may still be read at the Port 3C7h) 


7.3.14 PR17 - Miscellaneous Control 3 
Read/write Port = 375h, Index = 30h 
This register is locked If PR10[2:0] is not set to 5. 


Cer [FUNCTION 
| 5 | Character Clock Period Select 
(4 {PclkeveiK2 
| 3 |MapOut4kOrBIOSROM | 
| 2 |Enable64KBIOSROM 
| 1 [Hercules Compatibility 
| 0 |MapOut2KOrBIOSROM | 
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Bits [7:6] 
Reserved. 
Bit 5: - Character Clock Period Select 


To enable PR17 Bit 5, PR2 (3CF.0C) Bits 4:3 must 
equal 11. When Bit 5 is not enabled, it has no 
effect. 


O = Six-dot font is selected 
1 = Ten-dot font is selected 
Bit 4 - PCLK = VCLK/, 


With this Bit set to 1 it forces PCLK = VCLK/. 
This control is useful for interface with high color 
RAMDAC as follows: 


Color Information 


(16-Bits per pixel) 
wor CE CES 


peux J LULL 


Bit (3) - Map Out 4K of BIOS ROM 


With this Bit set to 1, it disables access of the 
BIOS ROM in the system address range C600:0h 
through C6FF:Fh. Power-on-reset sets this Bit to 
0. 


Bit 2 - Enable 64K BIOS ROM 


With this Bit set to 1, it enables access of the 
BIOS ROM In the system address range C000:0h 
through CFFF:Fh. Power-on-reset sets this Bit to 
0. 


Bit 1 - Hercules Compatibility 


With this Bit set to 1, it locks Hercules compatibil- 
ity register (I/O Port 3BFh). Power-on-reset sets 
this Bit to 0. 


Bit 0 - Map Out 2K of BIOS ROM 


With this Bit set to 1, it disables access of the 
BIOS ROM in the system address range C600:0h 
through C67F:Fh. Power-on-reset sets this Bit to 
0. 
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7.3.15 PR18- CRTC Vertical Timing Overflow 
Read/write Port = 375h, Index = 3Eh 


Register Bit 7 is used with PR1 Bits 7 and 6 to 
control memory map addressing (refer to Tables 
7-2 through 7-6). 

Register Bits 6 through 0 are combined with other 
timing overflow Bits in CRT Control to support an 
11-Bit timing control. These Bits are set to zero at 
power-on-reset. 


7 Enable 2 Mbyte Memory for 
1280x1024 mode, 256 colors 
CRTC Start Memory Address High, 
Bit 10 (375.0Ch) 


Horizontal Total Bit 8 (Supports 24-Bit 
color mode) 


| 4 [Une Compare sitio | 
| 3! | start Vertical Blank Bit10 
| 2! | Start Vertical Retrace B10 | 
|_1? | Vertical Display Enable End Bit 10 
| 0 [Vertical TotalBit1o 


NOTES: 
1. This Bit is locked if PR3(0) = 1 OR 
the 375 Index 11 Bit 7 = 1. 
2. This Bit is locked if PR3(1) = 0 AND 
the 375 Index 11 Bit 7 = 1. 


Bits 7 - Enable 2 Mbyte Memory 


This Bit must be set to 1 for support of 
1280x1024x256 color interlaced mode. It must be 
used In conjunction with PR1[7:6]. 


0 = Disable 2 Mbyte DRAM interface 
1 = Enable 2 Mbyte DRAM interface 
Bit 6 - CRTC Start Memory Address Upper 
Byte, Bit 10 


This Bit corresponds to character address CA18. 
This is the CRTC Start Memory Address upper 
byte Bit 10. CRTC Start Memory Address High 
Bits 9:8 are contained in PR3 (3CF.ODh) register, 
Bits 3 and 4, respectively. Bits 7:0 are located at 
address 375.0Ch 
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Bit 5- Horizontal Total Bit 8 


This Bit provides Bit 8 of the Horizontal Total Reg- 
ister located at 375.00h. 


Bit 4- Line Compare Bit 10 

This is Bit 10 of the line compare count. 

Bit 3- Start Vertical Blank Bit 10 

This is Bit 10 of the Start Vertical Blank count. 
Bit 2- Start Vertical Retrace Bit 10 

This is Bit 10 of the Start Vertical Retrace count. 
Bit 1 - Vertical Enable Display End Bit 10 


This is Bit 10 of the Vertical Enable Display End 
count. 


Bit O - Vertical Total Bit 10 
This Is Bit 10 of the Vertical Total count. 


7.3.16 PR19- Video Signature Analyzer 
Control 


Read/write Port = 375h, Index = 3Fh 


Bits 7:4 


Reserved 
Bit 3 - Signature Read Enable 


When this Bit is set to 1, signature analyzer 
results can be read from 375h, Index 20 and 21. 


Bit 2 - Enable Video Input 
This Bit is used for self-test. 


0 = Enable video input for signature analyzer 
1 = Self-testing (The video input to the signature 
analyzer Is disabled) 


Bit 1 - Preload Control 


0 = The Signature Analyzer Resutt Register 
(325, Index 20 and 21) is preloaded with 


| 3 |SignatureReadEnable | 
ez 
Le 
Os | 


PARADISE REGISTERS 


0001h 
1 = Normal operation 
Bit 0 - Enable/Status Bits 


Writing to this Bit: 
Setting this Bit to 1 enables the signature analyzer 
to collect signature on video input. 

Reading this Bit: 


Indicates the status of the signature analyzer col- 
lecting the signature on video input. 


0 = Finished (or not enabled) 
1 = Busy 


7.3.17 PR1A - Shadow Register Control 
Read/write Port = 375h, Index = 3Dh 

This register is locked if PR10[2:0] is not set to 5. 
Bits [7:4] 

Reserved. 


Bits 3 - VO Read Select 
-0 = Select actual CRT Control registers for read 
1 = Select shadow CRT Control registers for 
read 
Bits [2:0] - Shadow Lock 


When Bits 2:0 are set to 101, all the shadowed 
register Bits are locked. This lock overrides any 
other locks. Refer to the Shadow Register 
description for details. 


7.3.18 PR20 - Uniock Sequencer Extended 
Registers 


Read/write Port 3C5h, index = 6h 
This register is locked at power-on or reset. 


A value of X1X01XXX must be written to this reg- 
ister to allow Read or Write operations of the 
Sequencer Extended Registers. When the 
extended registers are locked, the Sequencer 
index is read as three Bits. When unlocked, the 
Sequencer Index reads as six Bits. 
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7.3.19 PR21 - Display Configuration Status 
And Scratch Pad Bits Register 


Read Only Port 3C5h, Index = 07h 
This register is locked at power-on or reset. 


This register is locked if PR20 Bits 6, 4, 3 are not 
set to 101b. 


This register provides a convenient location for 
determining the current state of the VGA configu- 
ration. This information is required for many BIOS 
calls. 


| Bir | FUNCTION, 
| 3 _| Status of 362 Bit 0, Read/Write Bit 
| 2 | Status of PR2 Bit 6, Read/Write Bit 
| 1 | Status of PR¢ Bit 1, Read/Write Bit 
| 0 | Statusof PRS Bit 3, Read/Write Bit 


Bits [7:4] - Scratch Pad Bits 


These read/write Bits serve as a scratch pad for 
any BIOS status data that may need to be saved. 
These Bits are preset to 1111 at reset. 


Bit 3 - Status of 3C2h Bit 0 


This read only Bit represents the setting of the I/O 
address select Bit in the Miscellaneous Output 
Register. 


0 = MDA (3Bx) addresses have been selected 
1 = CGA (3Dx) addresses have been selected 
Bit 2 - Status of PR2 Bit 6 


This read only Bit represents the setting of the 
VGA/6845 select Bit in PR2 (3CFh Index Ch). 


0 = VGA or EGA compatibility has been 
selected 
1 = 6845 compatibility has been selected 
Bit 1 - Status of PR4 Bit 1 


This read only Bit represents the setting of the 
VGA/EGA select Bit in PR4 (3CFh index Eh). 


0 = VGA was selected 
1 = EGA compatibility has been selected 
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Bit O - Status of PR5 Bit 3 


This read only Bit represents the setting of the 
Analog/TTL status Bit in PR5 (3CFh Index Fh). 


0 = An analog monitor was selected 
1 = A TTL-type monitor was selected 


7.3.20 PR22- Scratch Pad Register 


Read/write Port = 3C5h, Index = 8h 
Bits [7:0] 
Scratch pad Bits. 


7.3.21 PR23 - Scratch Pad Register 
Read/write Port = 3C5h, Index = 9h 
Bits [7:0] 

Scratch pad Bits. 


7.3.22 PR30- Memory Interface, Write Buffer 
And FIFO Control Register 


Read/write Port = 3C5h, Index 10h 


This register is locked if PR20 Bits 6, 4, 3 are not 
set to 101b. 


This register controls display memory data width 
and its bandwidth. All Bits are reset to zero at 
power-on-reset. 


| Bir | SCFUNCTION, 


as 32-Bit or 16-Bit Memory Data Path 


[+ leccamnen 
Unchain Mode 

| 3 |Twolverevel FIFO 
| 2 | FourorEight-level FIFO 
[1:0 [Display FIFO contro! 


Bits [7:6] - Write Buffer Control 


Bits 7 and 6 determine the depth of the write 
buffer. 


PR31 Bit 2 must be set to 1 for these two Bits to 
have any effect. 
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| ers 
| 7 | 6 | WRITE BUFFER LEVEL 


| 0 | 0 |Oneteveldeep 
| 0 | 1 |Twolevelsdeep 
| 1 | 0 [Threstevelsdeep 
[| t {| 1 [Fourlevetsdeop 


Bit 5- Memory Data Path 
0 = The display memory data path is 32-Bits 
wide 


1 = The display memory data path is 16-Bits 
wide 
Bit 4- Disable Unchained Mode 
0 = Normal conditions 
1 = 16-Bit interface, unchained mode is disabled 
(This ts used for debug only) 
Bit 3 - Twelve-Level FIFO 
0 = The FIFO is four or eight levels deep, 
depending on Bit 2 of this register 
1 = The FIFO Is 12 levels deep, regardless of 
Bit 2 
Bit 2 - Four or Eight-Level FIFO 
0 = FIFO set to eight levels deep 
1 = FIFO set to four levels deep 
Bits [1:0] - Display FIFO Control 


These two Bits determine when the display FIFO 
will make a memory bus request. The Bits can be 
used to reduce DRAM page breaks and to opti- 
mize memory bus arBitration. When the display 
FIFO makes a memory bus request, the memory 
controller stops Its current operation and starts to 
serve the display FIFOs request. These Bits have 
no effect in any text mode. They are locked into 
00 internally when a text mode is set. 


Depending on whether the FIFO level is four, 
eight, or 12 levels deep (refer to Bits 3:2), the dis- 
play FIFO requests a memory cycle according to 
how Bits 1:0 are set. 


PARADISE REGISTERS 


BITS THE DISPLAY FIFO IS 
REQUEST MEMORY BUS 


[+ | o | wien 
eo 
[0 [4 [rourteves empty 
Pt [0 |sixtoveisomey 
[+ [4 [eat teva ompy 


7.3.23 PR31- System Interface Control 
Read/write Port = 3C5h, Index = 11h 


This register is locked if PR20 Bits 6, 4, 3 are not 
set to 101b. 


At power-on or reset this register is set to 00. 


This register provides the control Bits for the sys- 
tem interface. This register should be set during 
the post initialization routines of the VGA BIOS. 
The reset state is 100% IBM VGA compatible. Bit 
7 is used during some of the enhanced display 
modes. 


| Bir |S FUNCTION, —si 
7 Read/Write Offset Enable 


Turbo Mode for Blanked Lines 


hese 

| 8 

| 8 [Reserved 
| 4 | CPU Read RDY Release Control 
|_3 | CPU Read RDY Release ControlO 
Ewen 
ia 


Enable Write Buffer 
Enable 16-Bit 1/O Attribute Controller 


Enable 16-Bit /O Operation on CRTC, 
Sequencer and Graphics Controller 


Bit 7 - Read/Write Offset Enable 

O = Normal (Refer to PROA and PROB 
definitions) 

1 = During read cycles, the offset register PRO- 
A, is added to the CPU address (During 
write cycles PRO-B is added to the CPU 
address) 
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Bit 6 - Turbo Mode for Blanked Lines 


0 = Normal 

1 = System performance is improved by 10% by 
removing extra screen refresh memory 
cycles on vertical blank 


Bit 5 - Reserved 

Reserved 

Bits [4:3] - CPU Read IOCHRDY Release 
Controls 1,0 


These two Bits select the IOCHRDY timing for 
CPU reads. To improve performance of systems 
with a slower bus clock, IOCHRDY may be 
asserted earlier. Data will be ready following 
IOCHRDY no sooner than the time selected by 
Bits [4:3]. 


BITS 


40 ns (Default after Power-on- 
reset) 


| o | 1 [4onsplustMcLK | 
RE 
| | 4 [4onsminusi Mork | 


NOTE: 
For 10 MHz or slower systems, the 01 
setting is recommended. 
For 12 MHz or faster systems, the 11 
setting is recommended. 


Bit 2 - Enable Write Buffer 
0 = Write buffer disabled 


1 =Write buffer is enabled (This greatly reduces 
the number of wait states for CPU writes to 
display memory) 

Bit 1 - Enable 16-Bit VO Attribute Controller 


if Bit 1 and Bit O are both set to 1, the Attribute 
Controller (83COh/3C1h) is configured for 16-Bit 
access. The index is at 3COh while the data is at 
3Cth and the address toggle is disabled for 16-Bit 
reads or writes. The address toggle functions in 
the standard way for eight-Bit cycles. IOCS16 is 
asserted for all cycles to 3COh or 3C 1h. 


Bit 0 - Enable 16-Bit /O Operations 


0 = The VGA V/O is eight-Bits 
1 = Enables 16-Bit access to the CRTC (374h/ 
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3?5h), Sequencer (3C4h/3C5h) and 
Graphics Controller (3CEh/3CFh) (The 
output 1OCS16 will be active for any /O 
read or write to these addresses) 


7.3.24 PR32- Miscellaneous Control 4 
Read/write Port = 3C5h, Index = 12h 


This register is locked if PR20 Bits 6, 4, 3 are not 
set to 101b. 


At power-on or reset this register is set to 00h. 


This register provides control for several different 
features. Some of these features help to support 
Genlock of the WD90C33 to another display con- 
troller for overlay. 


Cc 
| 6 [Disable Cursor Bink 
| 5 [USR1 Function Select 
[4 [UsRi control 
|3 [USROFunctionSelect 
| 2 [UsRoControl 


Allow Read Back in Backward compat- 
ible Modes 

Force Standard CPU Addressing in 
132-column Mode 


Bit 7 - Enable External Sync Mode 


0 = Normal operation mode 

1 = EXVID is configured to input external 
Horizontal Syne and EXPCLK inputs 
external Vertical Sync (The external HSYNC 
signal also synchronizes the character clock 
timing. In this configuration, EXVID and 
EXPCLK do not control the VID7:0 and 
PCLK output buffers, but they are used to 
Genlock the WD90C33 to another display 
controller.) 

Bit 6 - Disable Cursor Blink 


0 = Blink enabled 

1 = The text cursor blink is disabled and the 
cursor remains on (This option can be used 
when cursor blink is not desired) 
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Bit 5 - USR1 Function Select 


0 = The USR1 output represents the state of Bit 
4 (This can be used to control new features 
added by the system board designer) 


1 = Reserved 
Bit 4 - USR1 Control 
Controls the USR1 output when selected by Bit 5. 


Bit 3 - USRO Function Select 


0 = The USRO output represents the state of Bit 
2 (This can be used to contro! new features 
added by the system board designer) 


1 = Reserved 
Bit 2 - USRO Control 


Controls the USRO output when selected by Bit 3. 


Bit 1 - Read in Backward Compatible Modes 


0 = Registers that are not normally readable in 
backward compatibility modes may not be 
read 

1 = Registers that are not normally readable in 
backward compatibility modes may be read 


This option may be used either as a test feature or 
by the BIOS during mode changes. 


Bit 0 - 132-Column Mode 


When this Bit is set to 1, the special CPU address 
mapping for page mode font access in 132-col- 
umn text is set for standard mapping without dis- 
turbing the display. This is used only for special 
virtual VGA applications. 


7.3.25 PR33 - DRAM Timing And Zero Wait 
_ State Control 


Read/write Port = 3C5h, Index = 13h 


This register is locked if PR20 Bits 6, 4, 3 are not 
set to 101b. 


pers | FUNCTION, 


| 5 | Memory Retresh Cycle 
| 4 | Memory Read/Write Cycle 
| 3 | CASTiming 
| 2 |CASatter RAS Timing 
| 1:0 [RAS Precharge 


PARADISE REGISTERS 
Bits [7:6] - OWS Control 
These two Bits control the operation of the OWS 


output pin. In non-Local bus mode, OWS is dis- 
abled if PR31 Bit 2 = 0 (Write Buffer is off). 


ie. ae 
OWS = Oif the internal write buffer is 
ready 

ue OWS « Oif the internal write buffer is 


ready and the memory address Is 


decoded 
OWS = 0 if the internal write buffer is 
ready and the memory address is 
decoded and MWR = 0 
i OWS = Oif write buffer is ready, mem- 
Bit 5 - Memory Refresh Cycle 
0 = Normal Memory Refresh 
1 = Suppress RAS strobe during memory 
refresh 


ory address is decoded, and MWR is 
set to 0; OR MRD is set to 0, the HBLT 
destination is the host, and the BITBLT 
Bits 4 - Memory Read/Write Cycle Control 
This Bit controls CAS cycle duration for read/write 
cycle. 


data path FIFO is not empty 
0 = Normal Memory Read/Write Cycle 
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1 = Extended Memory Read/Write Cycle 


Bit 3 - CAS Timing 


0 = CAS cycle is 2 MCLKs 
CAS low is 1 MCLK + (1.5 ~ 3.0 ns) 
CAS high is 1 MCLK - (1.5 ~ 3.0 ns) 
1 = CAS cycle is 2 MCLKs 
CAS low is 1 MCLK + (8 ~ 14 ns) 
CAS high is 1 MCLK - (8 ~ 4 ns) 


Bit 2 - CAS After RAS Timing 
If Bit 1,0 of this register = 00 or 11, then: 
0 = CAS cycle starts 2.5 MCLKs after RAS low 
1 = CAS cycle starts 1.5 MCLKs after RAS low 


i Bit 1,0 of this register = 01 or 10, then: 
0 = CAS cycle starts 3 MCLKs after RAS low 
1 = CAS cycle starts 2 MCLKs after RAS low 


Bits [1:0] - RAS Precharge 


These two Bits control RAS precharge. Refer to 
DRAM timing adjustments in Section19. 


BITS 
ee RAS high is 2-1/2 MCLKs plus a 4:7 ns 


delay 


| | 1 | RAS high is 3 MCLKs wide 
+ | 0 | RAS high is 2 MCLKs wide 
+ | 4 | RAS high Is 2-1/2 MCLKs 


7.3.26 PR34 - Video Memory Mapping 
Read/write Port = 3C5h, Index = 14h 


This register is locked if PR20 Bits 6, 4, 3 are not 
set to 101b. 
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cers] FUNCTION 
| 6 _| CPU Offset Register Bit 8 for PRO(A) _| 
[5:4 |Reseved 
| 3:0 |Video Memory Mapping | 


Bit 7 - CPU Offset Register Bit 8 for PRO(B) 


Provides Bit 8 of the CPU Offset Register. Bits 
[7:0] of the Offset Register are located at PRO(B). 


Bit 6 - CPU Offset Register Bit 8 for PRO{A) 


Provides Bit 8 of the CPU Offset Register. Bits 
[7:0] of the Offset Register are located at PRO(A). 


Bits [5:4] - Reserved 
Bits [3:0] - Video Memory Mapping 


These four Bits are compared with the CPU 
address A[23:20] as part of the video memory 
address decoding. This allows the VGA to be 
mapped linearly into any 1 Mbyte CPU memory 
space. PR1, Bit 5 and 4 enable 


This register does _not_affect the EBROM and 
ROM16 decoding. EBROM and ROM16 are still 
decoded at A[23:20] = Oh. Used with the correct 
setting of PR1 (3CFh, Index OBh), Bits 5 and 4, 
this register supports virtual VGA applications. 
Refer to Section 7.3.1. 


These four Bits are set to 0 at power-on-reset. 


7.3.27 PR35 - Reserved 
Read/write Port = 3C5h, Index = 15h 


This register is locked if PR20 Bits 6, 4, 3 are not 
set to 101b. 


Bits [7:0] 
Reserved. 
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8.1 INTRODUCTION 


The following registers function as internal I/O 
ports. 


8.1.1 AT Mode Setup and Enable 


Write Only Port 46E8h 
(Also At Ports 56E8h, 66E8h, 76E8h) 


Bits [7:5] 
Unused. 


Bit 4- Setup 


This Bit puts the WD90C33 into Setup mode 
where only I/O Port 102h is accessible. 


Bit 3- Enable /O and Memory Accesses 
This Bit enables I/O and memory accesses. 
Bits [2:0] - BIOS ROM Page Select 


On VO accesses to Port 46E8h, EBROM 
becomes I/O write strobe for external implementa- 
tion of BIOS ROM page mapping. Bits [2:0] are 
latched data Bits and define 4K pages on BIOS 
ROM. The external mapping logic affects the 
three most significant Bits of address applied to 
the BIOS ROM. The ROM therefore, appears to 


INTERNAL VO PORTS 


consist of eight, 4K pages. External circuitry is 
required to implement the BIOS ROM page selec- 
tion using these Bits [D2:D0}. The WD90C33 also 
provides Port 3C3h as an alternative to Port 
46E8h. If a pull-down resistor is connected to 
MD9 during power-on-reset [CNF(9) = 0], Port 
3C3h is decoded instead of Port 46E8h to support 
the same functions as described above. Other- 
wise, Port 46E8h is selected and decoded. 


8.1.2 Setup Mode Video Enable 


Read/write Port = 102h 
(XXXX XXXX XXXX X010B) 


BIT 


| FUNCTION, 
| 0 | WakeupVGA 
Bits [7:1] 
Unused. 
Bit 0- Wakeup VGA 


Wakeup VGA for I/O and Memory Accesses. Only 
the lower three address Bits are decoded for this 
port and the WD90C33 must be in Setup mode. 
VGA Enable Sleep Bit or Programmable Option 
Select (POS) Register 102h Bit 0 is used to 
awaken the WD90C33 after power on in the MCA 
and AT mode. To enter the Setup mode in AT bus 
applications, Bit 4 of the partially decoded internal 
I/O Port 46E8h is set to 1 before accessing the 1/0 
Port 102h. 
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CONFIGURATION REGISTER BITS CNF[3 1:0] 
9.0 


9.1 INTRODUCTION 


Memory Data Lines MD[31:0] are used to set 
Configuration Registers CNF[31:0] during power- 
on and Reset (RST) operations. The Configura- 
tion Registers are set by means of pull-up or pull- 
down resistors, which then establish the operating 
configuration during power-on and Reset. Mem- 
ory Data Lines MD[31:0] are all internally pulled 
up by 50 Kohm resistors so that these lines will be 
pulled up unless a pull-down resistor is connected 
between their connector pin and ground. 


Other configuration bits are contained in non-writ- 
able registers while still others can be modified 
after start up. 


CNF[31:22], CNF[15:12}, CNF [10], and CNF [0] 
are readable and writable, while other configura- 
tion bits are not readable nor writable. 


Configuration Register Bits [31:19] are used for 
Local bus mode operation only and have no effect 
on AT or MicroChannei mode. 


Table 9-1 lists the Configuration Register (CNF) 
Bits and their functions. 


Setup Local Bus Interface Con- 
trol Register 2DF 1h[{5:4] for 
Power-on and Reset 


Setup Local Bus Interface Con- 
trol Register 2DF 1h[3:2] for 
Power-on and Reset 


Setup Local Bus Interface Con- 
trol Register 2DF1h[1:0] for 
Power-on and Reset 


Setup Local Bus Interface Con- 
tro! Register 2DFOh[7:4) for 


[25:22] | 1111 
Power-on and Reset 
21 Select 386/486 CPU Bus Inter- 
face 
TABLE 


9-1. CONFIGURATION 
REGISTER BITS 
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CONFIGURATION REGISTER BITS CNF[31:0] 


> 


| 20 | 1 [Reserved 
| 19 | 1 [Reserved 


1 Enable ROM16 as EXBLANK 
Input 
17 1 | Select 4 CAS, 1 WE for Mem- 
ory Interface 
1 | 64K by 16 or 256K by 4 DRAM 
Select 


45:12 | 1114 | General Purpose Status Bits 


Select Local Bus Interface 
Mode 

Disable ROM16 Address 
Decode 


Ts [a Jeseenacanseca 
2 | 0 [ener purpose 
Ts | 1+ | video clock Source Conval 
2 [4 [areuseea 
+1 [ RM contigraion 
Tee [10s ROM Manning 


NOTE: The numbers in VALUE column indi- 
cates the following: 

A 0 indicates that an external pull-down 
resister sets the bit to 1 during power-on and 
reset. 

A 1 indicates that an external pull-down 
resister sets the bit to 0 during power-on and 
reset. 


TABLE 9-1. CONFIGURATION 
REGISTER BITS 


NOTE 
Configuration Register Bits [31:20] have 
no effect unless Local bus mode is se- 
lected. 
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CNF{31:19] - Local Bus Interface Registers 


Refer to Section 10 for additional information on 
the Local Bus configuration. 


CNF18 - ROM16 As EXBLANK input 


0 = A 4.7K pull-down resistor.on Pin MD18 
ROM16 is configured as EXBLANK input 
(When EXBLANK is low, HSYNC, VSYNC, 
and BLNK are tristated) 

1 = No pull-down resistor, the internal pull-up 
sets CNF18 to 1 (Normal ROM16 operation, 
ROM{16 Is an output) 

CNF17 - Select CAS and WE for Memory 
Interface 


WEO becomes WE 
1 = Use CAS and WE[3:0] 
CNF16 - 64K By 16 Or 256K By 4 DRAM Select 
O =A 4.7K pull-down resistor on pin MD16 sets 
the WD90C33 to interface with a 64K by 16 
DRAM (The MAS& signal becomes RAS for 
the second DRAM bank) 


1 = No pull-down resistor (The internal pull-up 
sets WD90C33 to interface with a 256K by 4 
or 256K by 16 DRAM) 


CNF[15:12] - General Purpose Status Bits 


With no external pull-down resistors connected on 
MD[15:12], PR11[7:4] are latched high. Connect- 
ing an external pull-down resistor on MD[15:12] 
causes PR11[7:4] to be latched low. 


PR11[7:4] are writable bits. These bits can be 
read as Bit 4 of Port 3C2h (as on a standard EGA) 
if the EGA compatibility Bit [PR4(1)] has been set 
to 1. Selection of which Bit to read is determined 
by Bits 3 and 2 of the Miscellaneous Output Reg- 
ister 3C2h, as follows. 


| READS3C2h_ 
| Biz | Ba 
[0 PRN 
| 1 | PRIN6) 
| of PRIN5) 
= aa 
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CNF11 - Select Local Bus Interface Mode 
O = When CNF2 is set to 1, setting CNF11 to 0 
selects Local Bus Host Interface Mode 


1 = Setting CNF11 to 1 selects the AT Bus 
Interface Mode 


In the default state, CNF11 is set to 1. To set 
CNF11 to 0, MD11 must have a pulidown resister. 


CNF10 - Disable ROM16 Address Decode 

0 = The internal pull-up sets CNF(10) «= PR1(1) 
= 0 (To enable the 16-Bit BIOS, PR1(1) 
must be set to 1 by writing to Port 3CFh, 
Index OBh Bit 1) 

1 = A 4.7K pull-down on Pin MD10 sets CNF10 
= PRi(1) = 1 (Upon power-up, the pin 
ROM (16 is enabled for 16-Bit BIOS ROM 
decoding) 


This Bit is read/write at PR1(1). 
CNF9 - 46E8h/3C3h Select 


This Bit has no effect In MicroChannel applica- 
tions. 


0 = A 4.7K pull-down on Pin MD9 (Port 03C3h is 
selected as the VGA setup and enable 
register instead of Port 46E8h in the AT 
interface) 

1 = No pull-down resistor (The internal pull-up 
sets CNF9 = 1, Port 46E8h Is selected as 
VGA setup and enable register) 


CNFS8 - General Purpose 
Whether provided with either a pull-up or pull- 


_ down external resistor, CNF8 is latched internally 


at power-on-reset from memory data bus Pin 
MD8. 


Pulling up MD8 causes CNF8 to be latched Low. 
This Bit controls no internal functions and is read 
only as Bit 3 of PR5 (SCF.OF). Also, CNF(8) is 
unaffected by writing to PR5 (3CF.0F). 


CONFIGURATION REGISTER BITS CNF[3 1:0] 


CNF[7:4] - General Purpose Status Bits 


Bits CNF[7:4] are latched internally at power-on or 
reset from corresponding memory data bus pins 
MD([7:4], provided with either pull-up or pull-down 
external resistors. 


Pulling down MD[7:4] causes CNF[7:4] to be 
latched high. 


These are read only Bits at PR5 (SCF.OF) that are 
unaffected by writing to PR5(3CF.0F). Refer to 
Table 4-2. 


CNF3 - Video Clock Source Control 
This Bit cannot be written or read as an V/O port. 


Pulling up MD3 causes CNFS3 to be latched high. 
it configures WD90C33 pins VCLK1 and VCLK2 
as inputs or outputs. 


0 = Inputs 
1 = Outputs 


When used as inputs, these pins supply alternate 
video dot clocks. Selection of dot clock is by an 
internal multiplexer. 


When used as outputs, VCLK1 supplies an active 
low load pulse for an external clock chip during !/ 
O writes to Port 3C2h. This load pulse may be 
inhiBited by setting PR11(2) = 1. VCLK2 becomes 
a third clock select input to the external clock chip, 
which supplies multiple dot clock frequencies to 
the VCLKO input. Also, VCLK2 and VCLK1 out- 
puts are equal to Bits 3 and 2 of the Miscella- 
neous Output Register at 3C2h when PR15 Bit 5 
= 1, 


CNF 2 - AT Bus Architecture Select 


This Bit cannot be written or read as I/O. Pulling 
down MD2 causes CNF2 to be latched low. 


WD90C33 


0 = AT BUS architecture is NOT selected 
1 = AT BUS architecture is selected 


CNF1 - ROM Configuration for AT Mode 


0 = Selects Internal BIOS Data Path (The BIOS 
EPROM data can go through D[31:16] to 
D[15:0}], which saves two external data 
buffers) 

1 = Selects External BIOS Data Path (The BIOS 
EPROM data does not go through the 
WDS90C33. An external buffer is required to 
connect the BIOS EPROM to the system 
bus. 


01,70 
SDIXX:0] HOST BUS 
— DATA LINES 


EXTERNAL BIOS DATA PATH CNF1=1 


Settee teat ot eaten hatte tee te eee aad 


HOST BUS 


INTERNAL BIOS DATA PATH CNF1=0 
CNF 0 - BIOS ROM Mapping 
This Bit may read or written at PR1(0). 


0 = No pull-down resistor on MDO (The internal 
pullup resistor sets this Bit to 0 at power-on- 
reset) 

1 = The BIOS ROM is mapped out (An external 
4.7 Kohm pull-down resistor sets CNF(0) = 
1 On power-on-reset) 
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10.0 LOCAL BUS INTERFACE REGISTERS AND CONFIGURATION BITS 


The local bus interface registers (2DF2h through 10.1 LOCAL BUS REGISTER SUMMARY | 


2DFOh) are summarized in Table 10-1 and the fol- Table 10-1 provides a summary of the Local Bus 
lowing paragraphs provide register descriptions. Interface configurations registers 


r[ ans [coe [SESE] sscnron ——— 
PORT LOGIC SETUP BY: DESCRIPTION 

j2prs | 70 | -~ _|8017:0) __| Status Register, ReadOnly 
japre | 70 | 00 | BlOS __| Video Memory Mapping Register 
2or1| 7 | -- [Bios |Reseved SS 


Pe ee Select Zero or One Walt State 
| oo Zero Wait States 
ae eee One Walt State (Default) 


5:4 CNF[31:30] 


Select BIOS 
External BIOS 


Local Bus BIOS (Default) 
Select RAMDAC 
External RAMDAC 

Local Bus RAMDAC (Default) 


TABLE 10-1. SUMMARY OF WD90C33 LOCAL BUS INTERFACE REGISTERS 
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LOCAL BUS INTERFACE REGISTERS AND CON- WD90C33 
a are a a ae eT oS I EL, I I TY a I a TE SG SE BE AY RETF I EE IS 


vo POWER-ON 
PORT |; BITS LOGIC SETUP BY: DESCRIPTION 


2DFO Continued 


| =| CNF23 Local Bus interface Enable 


Disable Local Bus Interface 


Enable Local Bus Interface (Default) 


CNF22 Select Pulse Width (High and Low) for RAMDAC 
cycle and EBROM Access 


iy 


9 | 9Clocks ss 
18 Clocks oe aj} —————— 


are 
| =| ORIVER 
— 


16-Bit Data Path (Default) 
32-Bit Data Path 


CGA Disabled/MDA Disabled (Default) 
CGA Disabled/MDA Disabled 
CGA Disabled/MDA Enabled 


E2100) 
| 10 
= CGA Enabled/MDA Disabled 
eed 
ea eee 
liens) 


CNF21 Select 386/486 Local Bus Interface 


os is 
Local Bus Mode for 386 is selected 


Dual Display 
a Local Bus Mode for 486 is selected 


CNF[20:19] Reserved 
Must be set to 1 (no pull down on MD[20:19)). 


NOTE: 

CNF[31:21] are controlled by MD[31:21], which have internal pull up resistors. At power-on or 
reset, the pull up resistors set CNF[31:21] to 1. Connecting an external 4.7K Ohm pull down 
resistor to any of the MD[31:21] pins will cause the corresponding CNF[31:21] signal to be set to 0. 


TABLE 10-1. SUMMARY OF WD90C33 LOCAL BUS INTERFACE REGISTERS 
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2DF3h[7:0] - Status Register, Read Only 


Port 2DF3h[7:0} allows the status of the DB[7:0] 
lines to be read during power-on or reset. The 
state of each bit indicates whether the corre- 
sponding line is pulled up or pulled down. 


2DF2h[7:0] - Video Memory Mapping Register 


During Local Bus Mode operation CPU address 
Bits A[31:24] are compared with local bus inter- 
face register Bits 2DF2[7:0], respectively. The 
resultant address is combined with PR[3:0] to 
allow the WD90C33 to be mapped into any con- 
tiguous 1 Mbyte of CPU linear address space. 


2DF1h[7] - Reserved 
Register 2DF 1h, Bit 7 is reserved for future use. 
2DF1h[6] - Select Zero or One Wait State 


For local bus mode operation, register 2DF1h, Bit 
6 is used to select CPU wait states. If the cycle is 
a write operation and the internal write buffer is 
empty, the WD90C33 will return VGARDY as fol- 
lows: 


O = at zero wait states 
1 = at one wait state 


10.2 LOCAL BUS INTERNAL COMMANDS 


The Local Bus Interface Logic generates four 
internal commands to the VGA Logic. The four 
commands are: VIOR, VIOW, VMWR, AND 
VMRD. For these commands, the high or low 
pulse width should be at least two MCLK periods 
(see Figure 10-1). This pulse width can be 
adjusted by using 2DF1h[5:0] as follows: 


2DF1h[5:4] - VIOR/VIOD High/Low Duration 


These bits select the Local Bus I/O read and write 
pulse width in relation to the CPUCLK. 


ee] ruwenon 
(5 | 4 | 

[oo ee Gedghiew 
[or es css guy 
Cro fre rgmion 
CT Tre cis how Oxy —— 
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VMWR t LOW 


t HIGH 


With 2DF1[1:0] set to 01, t LOW = 3 CPUCLK. 
With 2DF1[3:2] set to 01, t HIGH = 3 CPUCLK. 


FIGURE 10-1 LOCAL BUS INTERNAL 
COMMAND WIDTH ADJUSTMENT 


2DF1h[3:2] - VMWR/VMRD High Duration 


These bits select the Local Bus memory read and 
write high pulse width in relation to the CPUCLK. 


STE] renew 
(3 | 2| 

[oe [Two GeceHgh 
[ot [three Cocks High 
[1 [0 [Four clocks Hh 
711 [Five cocks High Bataan 


2DF1h[1:0] - VMWR/VMRD Low Duration 


These bits select the Local Bus memory read and 
write low pulse width in relation to the CPUCLK. 


Te] runenon 
| 1[o| 

Ftc 
[a+ [Tee cise toy 
Cro [rer ceststow 
Cr [re css ow aay 
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2DFOh[7] - Select BIOS in Local Bus Mode 


For local bus mode operation, register 2DFOh, Bit 
7 is used to select BIOS operation as follows: 


0 = BIOS is on the system bus 
1 = BIOS is set in Local Bus Mode (Default) 
NOTE 
Putting the BIOS on the local bus will not 
work if the system logic shadows the 
BIOS in system memory. 
2DFOh{[6] - Connect RAMDAC In Local Bus 
Mode 


Refer to Section 10.3.3. 


0 = RAMDAC is on the system bus 
1 = RAMDAC is connected in Local Bus Mode 
(Default) 
NOTE 
lf the RAMDAC is on the system bus, the 
signal LDEV will not be generated when 
the CPU reads or writes the RAMDAC. 
2DFOh[5] - Enable Local Bus Interface 
0 = Local Bus Interface is not enabled (the 
LDEV signal is not generated) 
1 = Local Bus Interface is enabled (Default) 


2DFOh[4] - Select Pulse Width (High and Low) 
for RAMDAC cycle and EBROM 
Access 


For local bus mode operation, register 2DFOh, Bit 
4 is used to select the pulse width for RAMDAC 
cycles and EBROM access as follows: 


RAMDAC 
CYCLE, RPLT, 


EPROM ACCESS 
WPLT PULSE | (EBROM PULSE 
LOW OR HIGH | LOW OR HIGH) 


| 0 | 9CPUClocks | 4 CPU Clocks 
18 CPU Clocks | 8 CPU Clocks 


2DFOh[3] - Select VGA Data Path Width 


Bit 3 is used to select the data path width between 
the Local Bus Interface Logic and the VGA core. 
However, the data path cannot be set to 32-bits 
wide except for packed pixel graphics modes. 


0 = 16 Bits (Default) 
1 = 32 Bits 


WD90C33 


2DFOh[2] - Reserved 
Register 2DFOh, Bit 2 is reserved for future use. 
2DFOh{1:0] - Select Dual Display 


When the WD90C33 is connected on the local 
bus, these Bits must be set to reflect the type of 
display adapter installed on the system bus as fol- 
lows: 


Ss 
0 | 
| 0 [No GGA or MDA onthe system bus __ 
za 
0 | 


No CGA or MDA on the system bus 
MDA is connected on the system bus 
Pil CGA is connected on the system bus 


CNF21 - Select 386/486 Local Bus Interface 


0 = Local Bus Mode for 386 is selected. The 
CPU clock is internally divided by 2 and 
synchronized by the CPURESET signal. 

1 = Local Bus Mode for 486 is selected. The 
CPU clock is not divided or affected by 
CPURESET. 


WDS90C33 


CNF[20:19] - Reserved 


Configuration register Bits 20 and 19 are reserved 
and should be set to 1. 


10.3. LOCAL BUS INTERFACE OPERATION 


The WD90C33 controller provides a local bus 
interface to connect directly to a 32-Bit VESA VL- 
Bus, 32-Bit 486/386 CPU, or 16-Bit 386sx CPU. 
The controller has a 32-Bit data interface and can 
decode 34-Bit CPU addresses (A[30:2] and 
BE[3:0]. Also, the controller supports 8-, 16-, and 
32-Bit data transfers, provides byte alignment and 
byte swapping internally. 
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10.3.1 Local Bus Cycle Command Pulse 
Width 


The local bus interface internally generates I/O 
and memory commands for the VGA logic. The 
pulse width of these commands is programmable 
by changing the number of CPU clocks used to 
complete an operation. In general, a shorter com- 
mand pulse width will provide the best perfor- 
mance. The actual command pulse width is 
determined by the CPU clock speed and the 
MCLK speed. The command pulse width (whether 
active tow or inactive high) should cover at least 
two MCLK periods. Local bus interface register 
2DF 1h[5:0} can be used to adjust the command 
pulse width (refer to Table 10-1). 


10.3.2 Local Bus BIOS or External BIOS 


When the Local Bus BIOS is selected (2DFOh[7] = 
1), BIOS data goes through BD[7:0] to the local 
data bus. If the video BIOS address range is 
detected, EBROM goes active for 4 to 8 CPU 
clocks. The duration of EBROM is determined by 
2DFO0[4]. While in local bus mode, the WD90C33 
will generate LDEV to the prevent system logic 
from responding to a video BIOS cycle. 


If the system RAM shadows the BIOS, the BIOS 
should be connected on the system bus. 


When an external BIOS is selected (2DFOh[7] = 
0), the BIOS data goes through the system bus, 
and the WD90C33 does not generate LDEV for 
video BIOS cycles. If the video BIOS address 
range is detected, EBROM goes active until the 
valid address goes away. 


10.3.3 Local Bus RAMDAC or External RAM- 
DAC 


When the local bus RAMDAC is_ selected 
(2DFOh[6] =1), the VGA RAMDAC Is connected to 
the BD[7:0] bus, and the WD90C33 will generate 
LDEV to the prevent system logic from respond- 
ing tothe RAMDAC cycle. 


LOCAL BUS INTERFACE REGISTERS AND 


When the external RAMDAC is_ selected 
(2DFOh[6] =0), the RAMDAC is connected on the 
system bus with its own decoding logic, and a 
second RAMDAC can still be connected on the 
BD[7:0] bus. Writing to the RAMDAC will update 
both RAMDACs, but only the system bus RAM- 
DAC will respond to a read command. 


With external RAMDAC selected, the WD90C33 
does not generate LDEV for each RAMDAC 
cycle, and the following conditions also occur: 


e The system logic is expected to terminate cy- 
cles; therefore, the WD90C33 will not gener- 
ate READY for RAMDAC cycles. 

¢ The WDS0C33 will generate RAMDAC cycles 
on its BD[7:0] bus without returning a READY 
to the CPU. The duration of a cycle is either 9 
or 18 CPU clocks as selected by 2DFOh[4]. 

¢ The WD90C33 will not respond to RAMDAC 
read cycles. 


10.3.4 Dual Display 


If a second display is installed on the system bus, 
the setting of register 2DFOh[1:0] indicates to the 
WD90C33 whether the display adapter is a Mono- 
chrome Display Adapter (MDA) or a Color Graph- 
ics Adapter (CGA). This allows the WD90C33 to 
let MDA or CGA cycles to pass through to the sys- 
tem bus. 


e If.an MDA is installed (2DFOh[1:0] = 10), the 
LDEV signal is not generated for I/O cycles to 
ports 03B0h through O3BFh, except O3BCh 
through O3BEh. 

e If an CGA is installed (2DFOh[1:0] = 11), the 
LDEV signal is not generated for !/O cycles to 
ports O3D0h through O03DFh. 


When either type of video adapter card is 
installed, it will be detected by the BIOS and set 
register 2DFOh[1:0] to the proper value. 


96 ADVANCED INFORMATION 5/27/93 


HARDWARE CURSOR 


11.0 HARDWARE CURSOR 


11.1. INDEXED REGISTERS 


The Hardware Cursor supports a user-defined] 
pattern of up to 64 by 64 pixels, defined at 2 Bits 
per pixel. The cursor pattern should be stored in a 
non-visible part of display memory. The cursor 
operates in all packed and planar VGA graphics 
modes, as well as VGA text modes. 


The Hardware Cursor is accessed at Port 23C2h/ 

23C3h when the register block pointer at Port 

23C0Oh has been set to 02h. For additional infor- 

mation on accessing indexed registers, refer to 
Section 13. 


INDEX| BITS[ NAME 
| or | 14:0] CursorControl 
| 4 | 11:0 | Cursor Pattern Address Low _| 
| 2 | 11:0 | Cursor Pattern Address High _| 
| 3 _| 11:0 | Cursor Primary Color, Byte 0 


4 11:0 | Cursor Primary Color, Byte 1 
(For 16-Bit Color) 
Cursor Primary Color, Byte 2 
(For 24-Bit Color) 
11:0 | Cursor Secondary Color, 
Byte 0 
7 Cursor Secondary Color, 
Byte 1 (For 16-Bit Color) 
11:0 | Cursor Secondary Color, 
Byte 2 (For 24-Bit Color) 
Cursor Auxiliary Color, 
Byte 0 
11:0 | Cursor Auxiliary Color, 
Byte 1 (For 16-Bit Color) 
Cursor Auxiliary Color, Byte 2 
(For 24-Bit Color) 
EE Cursor Display Position X 


[e _| +120 [cursor Display Postion Y 
F110 [Reiser Blocindex 


TABLE 11-1. HARDWARE CURSOR INDEXED 
REGISTERS 


WD90C33 


11.1.1 Cursor Control Register, 
Index 0 


The Cursor Control! register controls operation of 
the hardware cursor. 


jer [FUNCTION 
| 15:12 [ooo (Index) 


Cursor Enable 


| 40:9 | Cursor Pattern Type 
2 at ae Pete __ Cursor Plane Protection 


| 7:5 |CursorColorMode sd Color Mode 


Enhanced Hardware Cursor (24 Bits 
per pixel) 


| 3:0 |Reseved 


NOTE 
A write to either the Cursor Enable or the 
Cursor Pattern Type fields does not take 
effect until the beginning of a video 
frame following the next write to the Cur- 
sor Control Register. (In interlaced 
mode, it's the next video field.) 
Bits [15:12] - Index 0. 
Bit 11 - Cursor enable. 
0 = Cursor is not displayed. 
1 = Cursor is displayed. 
Bits [10:9] - Cursor Pattern Type 
00 = Cursor is 2 Bits per pixel, 32x32 pixels. 
01 = Cursor is 2 Bits per pixel, 64x64 pixels. 
10 = Reserved. 
11 = Reserved. 
Bit 8 - Cursor Plane Protection 
0 = Cursor plane protection disabled. 
1 = Cursor plane protection enabled. 
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Bits [7:5] - Cursor Color Mode 


Tete] runenow 
7 {6/5 | 


10 | 0 | 0 | Sohware Compatible Cursor 
[0 | 0 | 4 | two-color Cursor with Inversion. | 


bf bl el 
Inversion. 

fo [4 | 1 | three-color curso. 
[1 [0] 0| Reserved 
fifo] | Reserve 
fa {i[o| Reserve 
fa[a]i| Reserves 


Bit 4 - Enhanced Hardware Cursor 
(24 Bits per pixel) 
O = Disable enhanced hardware cursor 
1 = Enable enhanced hardware cursor (24 Bits 
per pixel). 


NOTE 


The standard hardware cursor (16 Bits 
per pixel) is enabled by Control Register 
2 (Register Block 1, Index 1, Bits 11:10 = 
10). Refer to Section 12 for additional in- 
formation. 


Bits [3:0] 


Reserved. 


112 CURSOR PATTERN ADDRESS 


The two Cursor Pattern Address registers form a 
21-Bit address, specifying the location in the dis- 
play memory where the first byte of the cursor 
pattern is stored. This value is independent of the 
cursor origin. The cursor pattern may be stored 
anywhere in the display memory but is generally 
stored in a non-visible location. 


Generally, this address represents the CPU 
address at which the pattern begins, minus the 
CPU address of the top-left corner of the screen, 
in whichever current VGA mode is in use. Not all 
addresses are valid in all modes. Refer to the 
Section 11.6.1 on Cursor Address Mapping. 


HARDWARE CURSOR 


NOTE 


A write to either of the Cursor Pattern 
Address Registers or the Cursor Origin 
Register does not take effect until the be- 
ginning of a video frame following the 
next write to the Cursor Control Register. 
(In interlaced mode, it's the next video 
field.) 


11.2.1 Cursor Pattern Address Low, Index 1 


Cer] FuNcTiON__| 
/15:12 [0001 (Index) 


Cursor Pattern Address Bits 11:0. 
Bits 1 and 0 must be set to 0. 
11.2.2 Cursor Pattern Address High, Index 2 


Cer [FUNCTION 
(15:12 | o010(Index) 
p19 [Reseved 
| 8:0 | Cursor Pattern Address Bits 20:12 | 


11.3 CURSOR COLOR REGISTERS 


The cursor color registers control the display of 2- 
Bit per pixel cursor patterns. 


The Cursor Primary Color, Cursor Secondary 
Color and Cursor Auxiliary Color registers specify 
eight-Bit, 16-Bit, or 24-Bit colors to be displayed 
for different parts of the cursor pattern. 

NOTE 


Even in planar mode, in which pixels are 
four Bits each, these colors are eight Bits 
per pixel. 


11.3.1 Cursor Primary Color, Byte 0, Index 3 


Cer [FUNCTION ——*s 
| 15:12 [0011 (Index) 
| 11:8 [Reseved 
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11.3.2 Cursor Primary Color, Byte 1, Index 4 


fer [FUNCTION 
ER oot, 


| tte | 8 Reserved = i 


7:0 | Cursor Primary Color, Byte 1 
(For 16-Bit color.) 


11.3.3 Cursor Primary Color, Byte 2, Index 5 


Ler {___Funerion _ 


| 41:8 [Reserved = i 
Cursor Primary Color, Byte 2 
(For 24-Bit color.) 


11.3.4 Cursor Secondary Color, Byte 0, 
index 6 


15:12 | 0110 (index) 
Cursor Secondary Color, Byte 0 


11.3.5 Cursor Secondary Color, Byte 1, 
index 7 


| Br | FUNCTION, 
tsc12 [ort (Index) 


7:0 | Cursor Secondary Color, Byte 1 
(For 16-Bit color.) 


11.3.6 Cursor Secondary Color, Byte 2, 
Index 8 


er | FUNCTION, 
a 


Reserved i 


44:8 | 


7:0 | Cursor Secondary Color, Byte 2 
(For 24-Bit color.) 


WD90C33 


11.3.7 Cursor Auxillary Color, 
Index 9 


Byte 0, 


15:12 | 1001 (Index) 
Cursor Auxiliary Color, Byte 0 


11.3.8 Cursor Auxillary Color, Byte 1, 
Index A 


pir | FUNCTION, 
15:12 | 1010 (Index) 
(11:8 | Reseed 


7:0 Cursor Auxiliary Color, Byte 1 
(For 16-Bit color.) 


11.3.9 Cursor Auxiliary Color, Byte 2, 
Index B 


er | FUNCTION 
15:2 | sort (index) 


Reserved 
7:0 Cursor Auxiliary Color, Byte 2 
(For 24-Bit color.) 


11.4 CURSOR ORIGIN, INDEX C 


The Cursor Origin register specifies the offset in 
pixels from the top-left corner of the pattern which 
will be displayed at the cursor display position. 
This value Is often referred to as the cursor's “hot 
spot”. 


NOTE 


For 32 by 32 cursor patterns each field is 
restricted to the values 31:0. 


| 15:12 | 1100 (Index) 
14:6 | Cursor Origin Y (63-0) 
| 5:0. | Cursor Origin X (63-0) 
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11.5 CURSOR DISPLAY POSITION 


The Cursor Display Position X and Y registers 
specify the location on the screen at which the 
cursor origin is displayed. These values represent 
a position in pixels, referenced to the top-left cor- 
ner of the screen, regardless of the display mode. 


In text modes, the cursor position still represents 
pixels not characters. The cursor can be dis- 
played at any position on the screen, including 
between characters. 


NOTE 


A write to either Cursor Display Position 
X or Y register does not take effect until 
the beginning of the next video frame. (in 
interlaced mode, it's the next video field.) 


11.5.1 Cursor Display Position X, Index D 


| pir | FUNCTION, 
1512 [1101 (Index) 
| 10:0 [Cursor Display Position X 


11.5.2 Cursor Display Position Y, Index E 


Cer [FUNCTION 
| 15:12 |1110 (Index) 
| 1110 | Reseved 
| 9:0 | Cursor Display PositionY | 


11.66 REGISTER BLOCK INDEX, INDEX F 


All register blocks have an Index Fh that can be 
used to switch the block or index. Normally, to 
change a register block or index requires the user 
to write to 1/O Port 23C0h with the values of the 
register block or index desired. To speed up block 
switching or to change the register index, Index F 
can be used instead. 


Cer [FUNCTION ___—s 
| 11:8 [Registerindex 


HARDWARE CURSOR 


11.7. CURSOR REGISTER UPDATES 


When a new cursor pattern is selected, up to four 
different registers must be updated. If a new video 
frame were to begin before all registers were 
updated, a single frame could be displayed with 
incorrect cursor data. While the display would 
recover within one video frame, the results would 
be visually annoying. Therefore, the WD90C33 
holds off use of updated register data until all of 
the associated registers have been updated. 


Writing to either the Cursor Pattern Address regis- 
ter or the Cursor Origin register does not take 
effect until the beginning of a video frame follow- 
ing the next write to the Cursor Control register. 
Therefore, the Cursor Control register must be 
written to after updating either of these registers, 
even if the data in the Cursor Control register is to 
remain unchanged. However, reading any of 
these registers always returns the data last writ- 
ten to the register, whether or not such data has 
already taken effect. 


A write to either Cursor Display Position X or Y 
register does not take effect until the beginning of 
the next video frame. In interlaced mode, updates 
occur at the beginning of the next video field. 


11.7.1 Cursor Address Mapping 


Cursor patterns are always stored in contiguous 
locations in display memory, usually in a non-visi- 
ble portion, and always across all four maps. The 
definition of contiguous locations differs slightly by 
mode, as defined in Tables 11-2, 3 and 4. 


Each mode has restrictions on where a cursor 
pattern may begin and how such a pattern must 
be stored. The location where the currently 
required cursor pattern is stored in display mem- 
ory is loaded by the host into the Cursor Pattern 
Address registers, as defined in Tables 11-2, 3, 
and 4. 


The Cursor Pattern Address registers point to the 
doubleword starting region of the cursor pattern. 
They are not byte addresses and consecutive 
register values generally do not point to consecu- 
tive memory bytes. However, the cursor pattern 
must use all of the consecutive memory bytes (1K 
or 256 bytes) assigned to it starting from the byte 
pointed to. 
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Ee 
faoooo’ | 
[Map 0 | tipattern stans here. 
[Map 12 | then the next byte is here. 
[Map 2? [then here. 
[Map 3? | then hore. 
foot fT 
[Map 0° | andthe fith bytes here 
ae 


meer [ 


[Map [FFRF 
[ean | 
raged [ 
[Map [40000 
a 
7 

re ee 


1FFFF (Theoretical maximum for 
1K X 1K display memory.) 


Refer to the following notes. 


TABLE 11-2. PLANAR MODES 


i 


NOTES FOR TABLES 11-2 THROUGH 11-4 
1. These locations are usually visible. 
In practice, cursor pattern is usually 
stored in non-visible memory. 
2. Cursor pattern must start in map 0 
but pattern is stored on all maps. 


3. Some modes and/or boards may 
not support CPU addresses up to 
this level. Since up to 1K 
consecutive locations are required 
for the pattern, the pattern cannot 
actually start at the highest 
locations. 


4. In mode 7, CPU addresses are 
BO000-B7FFE. 


CPU 
ADDRESS | CURSOR PATTERN ADDRESS 


Ci a a es 

Ne eee tl 

Bankt =| Cid 

ak a reer 

BankoF [ 

ee eee: 
1K X 1K display memory.) | 


TABLE 11-3. PACKED MODES | 


CPU 
ADDRESS | CURSOR PATTERN ADDRESS 
B8000! 
Bs0012 then next byte is here. . . 


B8000° 
B8001" 


[Mapsoxt | Cd 
psoos, | CCisd 
ee 

BFFFF 
Refer to the previous notes. 
TABLE 11-4. TEXT MODES 
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11.7.2 Two-Bit Cursor Pattern Format 


The cursor pattern pointed to by the Cursor Pat- 
tern Address registers for two-Bit cursor patterns 
is stored in either 1K or 256 consecutive memory 
byte locations. The cursor pattern data is stored 
for 64 by 64 and 32 by 32 cursors as follows: 


11. 7.2.1 Cursor Pattern - 2-Bit, 
64 x 64 Cursors 


JOFFSET'|MAP*| CURSOR PATTERN™* _ 
| 0 | AND plane, row0, col 0-7 __| 
| 1 _|XOR plane, row 0, col0-7__| 


XOR plane, row 0, col 8-15 
AND plane, row 0, col 16-23 
XOR plane, row 0, col 16-23 
AND plane, row 0, col 24-31 
XOR plane, row 0, col 24-31 
AND plane, row 0, col 32-39 


efer to the following notes. 


Ps) 


HARDWARE CURSOR 


NOTES 

1. Offset is relative to the value in the 
Cursor Pattern Address register. 

2. In packed mode, Map Is selected by 
the two low-order CPU address Bits. 

3. Cursor pattern must start in map 0 
but pattern is stored on all maps. 

4. Within each byte, the high-order Bit 
represents the left most column. 


11. 7.2.2 Cursor Pattern - 2-Bit, 
32 x 32 Cursors 


|OFFSET'|MAP“| | CURSOR PATTERN®4 
Chee AND plane, row 0, col 0-7 


| 1 |XOR plane, row 0, col 0-7 __| 
| 2 | AND plane, row 0, col 8-15 _| 
—2_XOR pane. rom 0.90845 


| 0 | 

| tee AND sane: row 0, col 24-31 
2x Relane, reo 2494 
| o [AN 
bed 


[2 [AND plano, row 1, col -15 
|_3_ |XOR plane, row 1, col 8-15 _| 


| 0 | AND plane, row 1, col 16-23 
| 4 | XOR plane, row 1, col 16-23 


| 2 | AND plane, row 1, col 24-31 
ee XOR plane, row 1, col 24-31 


-—_____+ __| 
|_0 | AND plane, row 31, col 16-23 | 
| 1 |XOR plane, row 31, col 16-23 | 
|_2 AND plane, row 31, col 24-31 | 
2 1XOR plane, row 31, co} 2434 
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11.7.3 Loading The Cursor Pattern 


Loading a cursor pattern requires writing the pat- 
tern to a non-visible portion of display memory, 
then pointing to the pattern with the Cursor Pat- 
tern Address registers (Index 1, 2). A cursor pat- 
tern already in display memory can be selected 
simply by loading these registers. 


In some VGA modes, certain maps are not 
defined but the physical RAM connected to those 
maps appears at higher memory locations in the 
maps that are defined. For instance, the first byte 
of map 2 may appear as the 64th Kbyte in map 0. 
Therefore a cursor pattern that occupies contigu- 
ous locations in one mode may appear frag- 
mented in other modes. It is the responsibility of 
the software to track these fragments and assure 
that no part of the pattern will be accidentally 
overwritten. 


11.7.4 Cursor Color Modes 


A cursor may be displayed using any of four color 
modes selected by the Cursor Color Mode field of 


NOTES: 


XOR mask. 


PATTERN! MODE 0 MODE 1 MODE 2 MODE 3 
[00 aos Seeonaary | Secondany [Seconda 
oi Yate Primary Primary [iva 
[io [Treneparent [Transparent | Tansparort | Tnsparont 
[15 [imenes [ore [spec [avatary 


1. The high-order Bit of each 2-Bit pattern is the AND mask, and the low-order Bit is the 


2. The result is Background XNORed with the auxiliary color. 


WD90C33 


the Cursor Control Register (Index 0). Depending 
on the color mode selected, each 2-Bit pixel of the 
cursor pattern will be displayed against the back- 
ground as described in Table 11-5. 


The “special” color generates the exclusive-NOR 
(XNOR) of the background and the Auxiliary Color 
Register (index 9, A, or B). This retains the “differ- 
ent from background” color property of inversion 
while adding the ability to specify one preferred 
“special inversion” from a background color to any 
desired color. 


To use this feature, the Cursor Color Mode field 
must be set to “special”, and the Cursor Auxiliary 
Color should be loaded with the exclusive NOR 
(XNOR) of the background color to be translated 
and the desired color to be displayed. When set in 
this manner, any screen pixel of the former color 
covered by an inverting cursor pattern pixel will be 
“inverted” into the auxiliary color. 


TABLE 11-5. CURSOR COLOR MODES 
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11.7.5 Compatibility Differences Between 
Hardware And Software Cursor 


Some cursor colors may display differently using 
the hardware cursor than when using a software 
cursor. This can happen in Planar Modes, 
because a software cursor modifies memory data 
that is then passed through the Attribute Control- 
ler's Palette registers, while the hardware cursor 
operates on data at the output of the Attribute 
Controller's Palette registers. The following sec- 
tion on Cursor Plane Protection explains how to 
minimize these incompatibilities. 


11.7.6 Cursor Plane Protection 


in 256-color modes, a background pixel covered 
by the cursor is either replaced by a specified 8- 
Bit color or is inverted. For other modes, cursor 
plane protection is available. 


HARDWARE CURSOR 


When the Cursor Plane Protection Bit of the Cur- 
sor Control register is set, some Bits of the back- 
ground are handied differently. In these cases the 
two or four high-order Bits of the background are 
replaced with the corresponding Bits of the Cursor 
Auxiliary Color register (Index 9, A, or B). 


When Bit 7 of the VGA Attribute Mode Control 
register (Port 3COh/3C 1h, Index 10h) is reset, cur- 
sor plane protection applies to the two high-order 
Bits of the background. When this Bit is set, pro- 
tection applies to the four high-order Bits. 


This feature is designed to provide as much flexi- 
bility and compatibility with a software cursor as 
possible, due to the processing done by the VGA 
attribute controller. 


104 ADVANCED INFORMATION 5/27/93 


DRAWING ENGINE 


12.0 DRAWING ENGINE 


The Drawing Engine (DE) supports accelerated 
data transfers between regions of display mem- 
ory. A full complement of raster operations are 
available. Color expansion and transparency, use- 
ful for accelerating text modes as well as plane 
masking, are supported. 

This same hardware can be used to accelerate 8 
by 8 pattern filled rectangles, solid rectangles, line 
drawing, and trapezoid fill using trapezoid fill strip. 
The Drawing Engine hardware supports text 
modes and monochrome, 4-Bit and 8-Bit color 
modes, as well as the 16-Bit color mode. 

The Drawing Engine hardware uses two sets of 
indexed registers, which are listed in Tables 12-1 
and 12-2. The registers are accessed at I/O Port 
23C2h. For additional information on accessing 
indexed registers, refer to Section 13. 

In the following tables, the REF column refers to 
the Section containing additional information. 


FINDEX|BITS| NAME |CREF | 
Po | 11:0 | Gone Registers [12.1 
[2 [ateSoucex sid. 
[3 [40 [Source¥ ida. 


Pe Ee ae CC 
[S| 11:0 [Destination YT 12.2 
[6 [41:0 [Dimensionx 12.3 | 


2 1b pimension y—_128_| 
11:8 | 


ae Left Clip (X Position for 
Clipping 

Right Clip (X Position 
for Clipping) 

11:0 | Top Clip (Y Position for 
Clipping) 

11:0 | Bottom oe (Y Position 
anal Poe ) 


41:0 | Reserved sss 


Te ae ee 
TF [11:0 [Register Block index [12.16 | 


TABLE 12-1 DRAWING ENGINE REGISTERS, 
VO PORT 23C2h, (BLOCK 1 OF 2) 
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INDEX|BITS| NAME _|_CREF 

[° | [ieee 
Linear Address Offset 

Ne hed lll 
Byte 0 

tae hal Foreground Color 
Byte 1 (For 16-Bit 
Color) 

Pe ee Nemes een 
Byte 0 

7:0 | Background Color 

Byte 1 (For 16-Bit 
Color 

Bl cl rsa 
Byte O 

ale cao 
Byte 1 

OB al! sale 
Byte 0 

7:0 | Transparency Mask 

Byte 1 (For 16-Bit 
Color) 


| A | 7:0 | Mask Byte 0 /12.7 | 


7: O | Mask Byte 1 (For 16-Bit a 7 
Color 


| C {11:0 | Reserved 

ee = ee 

| E [11:0] Reserved =~ 

|_F | 11:0 | Register Block Index__| 12.16 | 

TABLE 12-2. DRAWING ENGINE REGISTERS, 
VO PORT 23C2h, (BLOCK 2 OF 2) 


12.1 DRAWING ENGINE CONTROL 


The Drawing Engine control uses two 16-Bit reg- 
isters. Control Register 1 is located at Index 0, 
and Control Register 2 is located at Index 1. Refer 
to Table 12-1. 


12.1.1 Drawing Engine Control Register 1, 
Index 0 

The functions of Control Register 1 are listed in 

Table 12-3. Writing to Control Register 1 with any 

drawing mode other than a “No Operation” will 

start the Drawing Engine with the specified draw- 

ing mode active. 
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For the functions of Control Register 2, Refer to 


Table 12-4. 
(Section 12.17) 


S 


Monochrome from Color 
Fixed Color (Rectangle 
Fill, Line, Line Strip, and 
Trapezoidal Fill) 
Monochrome from Host 


| -- _|PatternEnable 
| 0 | PatternNotUsed | 
| 1__|___Pattern Used As Source _ 
|__-- _|DestinationSelect 
| 0 | ~~ ScreenMemory 
| 1 | Host /OorMemory 
[| -— _{LastPixel Off? 
| Oo | LastPixelON 
|} 1 | bast Pixel OFF 

* For Bresenham Line 

TABLE 12-3 DRAWING ENGINE CONTROL 

REGISTER 1 


BITS 1 Us 
a 


DRAWING ENGINE 


Bits 15:12 - index 0. 
Bits11:9 - Drawing Mode 


These Bits control the Drawing Engine drawing 
mode as listed in Table 12-3. For descriptions of 
the drawing modes refer to Section 12.16. 


Bits 8:6 - Direction 


Bits 8 and 7 control the direction of movement in 
the X and Y direction, respectively. Bit 6 controls 
whether the major movement is in the X or Y 
direction. Bit 6 is not used for BITBLT operations. 
Refer to Table 12-3. 


Bit 5 - Source Select 


This Bit selects the source as either the screen 
memory or the host CPU memory, which can be 
either the host /O or system memory. Refer to 
Table 12-3. This Bit is used only for BITBLT oper- 
ations. 


Bits 4:3 - Source Format 


Bits 4 and 3 specify the format of the BITBLT 
source. The four choices are listed in Table 12-3. 


Bit 2 - Pattern Enable 


Bit 2 controls pattern enable. With this Bit set to 1, 
pattern is used as the BITBLT source. Refer to 
Table 12-3. This Bit is used only for BITBLT oper- 
ations. 


Bit 1 - Destination Select 


This Bit selects the destination as either the 
screen memory or the host CPU memory, which 
can be either the host I/O or system memory. 
Refer to Table 12-3. This Bit is used only for BIT- 
BLT operations. 


Bit 0 - Last Pixel Off 


This Bit is used to control the last pixel for Bresen- 
ham lines. 


12.1.2 Drawing Engine Control Register 2, in- 
dex 1 


The functions of Control Register 2 are listed in 
Table 12-4. 


For the functions of Control Register 1, Refer to 
Table 12-3. 
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BITS | LOGIC | FUNCTION 
| 15:12 | 


11:10 


Pixel Depth 
4-Bits/Pixel (Planar 
8-Bits/Pixel (Packed 
16-Bits/Pixel (Packed 
Reserved 

Transparency Enable 
Not Enabied 
Enabled 

Transparen 


0 


—_ 


Polarit 


Positive 
Monochrome Transpare 
OFF 


7 


Reserved 
Reserved Bits should be 
set to 1 

Data Path FIFO Depth 
4-Levels Deep 


2-Levels Deep 


HBLT thru Memory Port 
Fo [| DatathuvOPon | 
[4 | Datathru Memoryinot VO 
[= lees 
Bits/Host Write* 
[000 | NetDetines 


| 001 | 
2 Bits/CPU Write 
| | treeiePinat ony) 
4 Bits/CPU Write 
ot | Geortetertst ony) 
eon 
4, 8, or 16 Bits/Pixel 
4, 8, or 16 Bits/Pixel 
F410 [Reseed 


* High density not available for some 

MCLK Frequencies 

TABLE 12-4. DRAWING ENGINE CONTROL 
REGISTER 2 


11 
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Bits 15:12 - Index 1. 
Bits 11:10 - Pixel Depth 


These Bits select the pixel depth. The available 
addressing modes are 4-Bits per pixel in Planar 
mode, and 8-Bits or 16-Bits per pixel in Packed 
mode. Refer to Table 12-4. 


Bits 9:7 - Transparency 


These Bits are used to control the transparency 
features. Bit 9 is used to enable transparency, Bit 
8 controls the transparency polarity, and Bit 7 con- 
trols transparency for monochrome mode opera- 
tion. Refer to Table 12-4 


Bit 6:5 - Reserved 
Reserved Bits should be set to 1. 
Bit 4 - Data Path FIFO Depth 


This Bit selects the Data Path FIFO depth as 
either four-levels deep or two-levels deep. Refer 
to Table 12-4. 


Bit 3 - Host BITBLT (HBLT) through Memory 
Port 


This Bit controls which memory port is used by 
the host BITBLT. The data can be transferred 
through memory (not 1/O) or through the 1/0. 
Refer to Table 12-4. 


Bits 2:0 - HBLT Color Expanded Data 
Bits/CPU Write 


These Bits control the number of Bits used to 
expand HBLT color for CPU writes. Refer to Table 
12-4. 


NOTE 


High density is not available for some 
MCLK frequencies. 


12.2 SOURCE AND DESTINATION 


The Source X and Source Y registers specify the 
source address for BITBLT operations. The Desti- 
nation X and Destination Y registers specify the 
destination address. The X and Y fields of each 
register pair are pointing to a screen memory 
location. Refer to Table 12-1. 


For BITBLT operations, the starting corner for 
source and destination can be any of the four cor- 
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ners as specified with the X Direction and Y Direc- 
tion Bits of the Drawing Engine Control Register 1 
as follows: 


Y STARTING 
DIRECTION CORNER 
Top Left 


Top Right 
Bottom Right 


When the source and destination areas do not 
overlap, a BITBLT operation can be started in any 
corner. When these areas overlap, the corner and 
direction must be selected to prevent parts of the 
source area from being overwritten by the desti- 
nation array before they are copied. 


For pattern fill (BITBLT operation with pattern 
enable Bit set), Source X and Source Y are used 
to point to the starting location of the pattern. Des- 
tination X and Destination Y are always updated 
after the operation is complete. 


Source X, index 2 

Cer [FUNCTION ——_—isd 
15:12 |oo1o (index) 
[11:0 [Source x Position Bits 11:0 


Source Y, Index 3 


0011 (Index) 
Source Y Position Bits 11:0 


12.3. DIMENSIONS AND ROW PITCH 


12.3.1 Dimension X, index 6 


Cer [FUNCTION + 
} 15:12 | 0110(Index) 
|11:0 |DimensionX* 


* legal range is O to 4K - 1 


The Dimension X register is programmed with the 
desired value minus one as follows: 


e For BITBLT operations, this register specifies 
the width of the rectangular region to be cop- 
ied. 

e For line strip and trapezoidal fill strip opera- 
tions, this register specifies the length of the 
Strip. 

e For Bresenham lines, this register specifies 
the number of pixels to be drawn 

e in Graphic Modes, this register value is ex- 
pressed in pixels. 

e In Text Modes, this register value is expressed 
in the number of characters multiplied by eight 
(even though each character is stored using 
only two bytes). 


12.3.2 Dimension Y, Index 7 


0111 (Index) 


[11:0 [DimensionY* 
* legal range is 0 to 4K - 4 


The Dimension Y register is programmed with the 
desired value minus one as follows: 


e For BITBLT operations, this register specifies 
the height of the rectangular region to be cop- 
ied. 

© For line strip operations, this register is pro- 
grammed with the number of line strips with 
the same length. 

e In Graphic Modes, this register value is the 
height of the region in pixels. 

© In Text Modes, this register value is the height 
of the region in character rows. 


108 ADVANCED INFORMATION 5/27/93 


DRAWING ENGINE 


WD90C33 


¢ The Dimension Y register is not used for 
Bresenham line Trapezoid Fill Strip opera- 
tions. 


12.3.3 Row Pitch, Index 1 


| Bir | FUNCTION, 
[15:12 | 1000 (Index) 
[11:0 [RowPitch® 


* In Packed Mode the two low order Bits of this 
field must be zero. In Planar Mode the three low 
order Bits must be zero. 


The Row Pitch register specifies the number of 
pixels offset from any location in a given row to 
the same location in the next row. This offset is in 
the same units as the source and destination 
fields to which it applies. 


12.4 CLIPPING 


A rectangle clipping function is supported (refer to 
Table 12-1). The four clipping registers (left, right. 
top, and bottom) define a rectangular area. Any 
pixel inside and on the boundary of the rectangu- 
lar area can be updated during a drawing opera- 
tion. 


Left Clip, Index 9 


| 15:12 | 1001 (Index) 
Left Clip (X position for clipping) 


Right Clip, Index A 


(15:12 [1010(Index) 
Right Clip (X position for clipping) 


Top Clip, Index B 


| 15:12 | 1014 (Index) 
| 11:0 | Top Clip (Y position for clipping) 


Bottom Clip, index C 

Per [FUNCTION 
15:12 |1100(Indexy 
| 11:0 | Bottom Clip (Y position for clipping) _| 


12.5 ADDRESS MAPPING 


The Source X and Y and the Destination X and Y 
(refer to Table 12-1) are converted internally to lin- 
ear addresses that point to pixel locations. The 
linear address (LA) is defined as: 


LA = (Y « ROWPITCH + X) * S + MAP BASE 
ADDRESS « 4K 

Where: S = 1/2 for 4 Bits per pixel 
1 for 8 Bits per pixel 
2 for 16 Bits per pixel 


12.5.1 Map Base Address, Index 0 


The Map base Address provides a linear address 
offset from the start of display memory Each 
increment of offset corresponds to a 4 Kbyte 
increment in display memory. Refer to Table 12-2. 


| 15:12 | 0000 (Index) 
MEMORY 
Ao000 
left most pixel 
| = 1s] Location 0, Bit 6 
Y 
memory configurations have fewer dis- 


| a0 | Map Base Address 
12.5.2 Monochrome and Planar Mode 
LOCATION 
ALL MAPS) 
Y 
A0001 Location 0, Bit 0 
right most pixel 
AFFFF Location 512K-1, 
Bit 0! 
NOTES: 
play memory locations. 
Not in the same memory page as A0001 


DISPLAY 
CPU LINEAR 
ADDRESS | ADDRESS 
Location 0, Bit 7 
| == 8 ~__| Location 1, Bit 7 
Last location in a 2 MB system. Smaller 
above. 
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12.5.3 Packed Modes 


LINEAR 
(8-BIT/ 


DISPLAY 
MEMORY 
LOCATION 
ALL MAPS 


Map 0, Location 0 
(left most pixel) 

Map 1, Location 0 
Map 2, Location 0 


Map 3, Location 0 
right most pixel) 


Map 0, Location1 
(left most pixel) 
ie 


7 Map 3, Location 1 
(right most pixel) 
Map 3, Location 
512K-1! 


NOTES: 


Last location in a 2 MB system. Smaller 
memory configurations have fewer dis- 
play memory locations. 


Not in the same memory page as A0007 
above. 


The locations referred to in Sections 12.5.2 and 
12.5.3 are the CPU address offset in bytes from 
the top of the display memory for any given mode. 
For example, where display memory starts at 
CPU address A0000h, location 123h would corre- 
spond to CPU address A0123h. Where display 
memory is divided into pages, the location is cal- 
culated as if all pages were consecutive. For 
example, with display memory pages of 64 
Kbytes, location 10123h would correspond to 
CPU address A0123h in the second page of the 
display memory. 


CPU 
ADDRESS | ADDRESS 


When the source or destination.of a BITBLT oper- 
ation is not a display memory location, the corre- 
sponding pair of position registers are unused and 
may contain any value, except that up to three of 
the low-order Bits are still used to specify source 
alignment of the data. 


DRAWING ENGINE 


FOREGROUND AND BACKGROUND 
COLORS 


The Foreground and Background Color registers 
specify 4-Bit, 8-Bit, or 16-Bit digital colors to be 
used when expanding monochrome source 
areas. The foreground color can also be specified 
as the source of a BITBLT to produce a filled rect- 
angle. Refer to Table 12-2. 


12.6 


Foreground Color, Byte 0, Index 2 


| 15:12 | 0010 (Index) 
Pine [Reseved 
Foreground Color* 


*in Planar modes only Bits 3:0 are used to 
specify a color. 


Foreground Color, Byte 1, Index 3 


Cer [FUNCTION __| 
i 


*For 16-Bit color. 


Background Color, Byte 0, Index 4 


BIT | FUNCTION, 
15:12 | 0100 (Indes) 
|118 | Reseved 


*In Planar modes only Bits 3:0 are used to 
specify a color. 


Background Color, Byte 1, index 5 
Cet] FUNCTION _—s 
|15:12 | 1001 (Index) 
| 118 | Resoved 
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12.7. MAP AND PLANE MASK 


The Mask registers contro! both Map and Plane 
Masks used in drawing operations. Refer to Table 
12-2. 


The Mask Byte 0 specifies a 4-Bit mask that pre- 
vents data in the specified registers from being 
updated. This mask Is needed for BITBLT opera- 
tions in all text modes to prevent font data from 
being overwritten in a character-attribute move 
and vice versa, and VGA mode F. kt can also be 
used in VGA modes 4, 5 and 6 for partial hard- 
ware support. Additionally, it can be used in VGA 
modes D, E, 10, 11 and 12 and extended Planar 
modes as a Plane Mask if desired. 


The Mask Byte 0 and Byte 1 together specify an 
8-Bit or 16-Bit mask that prevents data in the 
specified planes from being updated. This is use- 
ful in VGA Mode 13 and extended Packed modes 
when Plane Masking is desired. 


Mask Byte 0, Index A 

er [FUNCTION __— 
[15:12 |1010(Indexy 
| 11:8 [Reseved 


Map/Plane Mask’* 
* In Planar Modes only Bits 3:0 are used. 


Mask Byte 1, index B 
er [FUNCTION —_—=s 
[15:12 | 1011 (Index) 


Plane Mask’* 
* For 16-Bit color. 
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Plane Mask, Packed Modes for 8-Bit 
and 16-Bit Color 


as Tea 
BITS 7:0 


| ans7o | puanemask_| 
BITS 7:0 PLANE MASK 


Map Mask, Planar Mode 


[eITsa:0 | MAPMASK 


12.8 RASTER OPERATIONS 


The Raster Operations register specifies a bOit-j 
wise logical operation to be performed on the 
source and destination fields. This field is always 
active and must be loaded with the appropriate 
value even when a simple source copy is to be 
performed. Refer to Table 12-1. 


Raster Operations, index 8 
| Bir | FUNCTION, 
15:12 |1000(indexs) 
re] Raster Operation CODE 

(abcd in Table 12-6) 
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All operations apply a source color, pattern or 
area to a destination area. The result written to 
the destination is a logical function of the source 
and destination pixels for each location. 


The Raster Operation code is defined as follows: 


The Source (S) and Destination (D) form a 2-Bit 
value. The Truth Table (Table 12-5) defines the 
results of the two operands, Source and Destina- 
tion, for the desired function. 


The four 1-Bit results of the Truth Table for the 
desired operation (expressed as a, b, c, and d) 
form the Raster Operation code (abcd) used in 
Table 12-6. The “a” is defined as the high-order Bit 
of the code. 


While the Raster Operation code represents a 2- 
input operation, both inputs are not always rele- 
vant in the operation. For example, codes 0011 
(source copy) and 1100 (inverted source copy) 
are independent of the destination field. 


Arithmetic operations are not supported. 


| so} po] RESULT 


TABLE 12-5. RASTER OPERATION 
TRUTH TABLE 


TABLE 12-6. RASTER OPERATION CODE 
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12.9 PATTERNS 


The WD90C33 has a special mode to accelerate 
the copying of 8 by 8 source patterns. In this 
mode, an 8 by 8 full-color or monochrome pattern 
can be repetitively applied to a large destination 
area in an efficient manner. 


To perform a pattern copy, the host first writes the 
8 by 8 pattern to display memory in a linear fash- 
ion, usually to a non-visible location, depending 
on the current addressing mode, as described in 
Sections 12.5.2 and 12.5.3. The host then loads 
the Source registers, with the location of the pixel 
within the pattern corresponding to the top-left 
corner of the destination region. The Pattern 
Enable Bit (Control Register 1, Bit 2) must be set 
to 1 to enables Patterns to be used as a source. 


To specify a monochrome pattern, the host must 
write a color pattern in the current mode, planar or 
packed, and then use the control registers to 
specify a single plane of the source to be used. 


12.9.1 Pattern Storage - Monochrome And 
Planar Modes 


in planar mode, the 8 by 8 source pattern must be 
stored In display memory in a 32-byte aligned 
area. It is stored as 64 consecutive pixels, not as 
a rectangular region. When performing the pattern 
copy, however, the source address may point to 
any pixel within the 64-pixel region. This pixel is 
anchored to the top-left corner of the destination 
region, and the pattern wraps to the right and 
down from that point. This anchored point is 
selected by Control Register 1, Bits 8 and 7, as 
follows: 


Bit8 = X, BIT7=Y 


ANCHOR 


| DIRECTION 

(xy [wrap | POINT 
|. | 0 | Right and Down |Top Lett 
|| 1 [Right and Up | Bottom Lett__| 
| 1 | 0 [tet and Down |Top Right 
[1 | 1 | Lett andup | Bottom Right __ 
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ADDRESS | DISPLAY MEMORY CONTENTS 
etary data 
in*ton+3 | All maps, top row of 8x8 pattern 


n+4 ton+7 |All maps, second row of 8x8 pat- 
tern 

to} All maps, — row of 8x8 pat- 
tern 


*n must be a muttiple of 32 


12.9.2 Pattern Storage - Packed Modes 


In packed mode, the 8x8 source pattern must be 
stored in display memory in a 64-byte aligned 
area. lt is stored as 64 consecutive bytes, not as a 
rectangular region. When performing the pattern 
copy, the source address may point to any pixel 
with the 64-pixel region. This pixel is anchored to 
the top-left corner of the destination region, and 
the pattern wraps to the right and down from that 
sal The anchored point is selected by Control 
Register 1, Bits 8:7. 


ADDRESS | DISPLAY MEMORY CONTENTS 


(ie Co ae 


Top row of 8x8 pattern (left most 
pixel) 
Top row of 8x8 pattern (second 
pixel) 


pixel) 
Ca 
most pixel) 


NOTE 


For 16-Bits per pixel, the 8 by 8 source 
pattern must be stored in display memo- 
ry in a 128 byte aligned area. 


12.10 MONOCHROME TO COLOR 
EXPANSION 


When the source of a BITBLT operation is mono- 
chrome, each 0 in the source region is replaced 
with the specified background color, while each 1 
is replaced with the foreground color. All other 
processing options, including masks and raster 
operations, remain active and operate on the 
expanded colors. 


When the source is specified as a fixed color, the 
entire destination will be filled with the foreground 
color, subject to masks, raster operations and 
destination transparency. Filled rectangles are 
generated in this manner. 


When a monochrome source is generated by the 
color comparators, color destination transpar- 
ency is generally not available since the transpar- 
ency color registers are in use. 


12.11 EXTRACTING MONOCHROME DATA 


Monochrome data can be extracted from color 
data read from display memory by the color com- 
parators. Data extracted in this manner Is repli- 
cated to each plane or map as if it had been read 
from the memory. 


Monochrome data can also be extracted from 
host data when the BITBLT source is the VO port. 
In this case, each 32-Bit word written to the /O 
port is treated in the same manner as if it had 
been read from display memory. Alternately, the 
host may send monochrome data through the /O 
port that does not require extraction (Refer to 
Section 12.14). 


To extract a single plane from a color source field, 
the Transparency Color register should be loaded 
with FFh (all ones), while the Transparency Mask 
register should be loaded with a 0 in the map or 
plane position to be extracted, and a 1 in all other 
positions. 


Monochrome data is usually extracted as a spe- 
Cific Bit of each 4-Bit, 8-Bit, or 16-Bit pixel. How- 
ever, the color comparators can be used to extract 
any color, or any maskable group of colors, into 
the monochrome color 1, with all other colors 
returning a monochrome 0. 


When the Monochrome Transparency Bit is set to 
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1(Control Register 2, Bit 7) the monochrome 
source pixels of 0 do not modify the destination, 
regardless of any selected raster operation. Refer 
to Table 12-2. 


The Transparency Enable and Polarity Bits (Con- 
trol Register 2, Bits 9 and 8) have no effect on 
monochrome data extraction. 


12.12 COLOR TRANSPARENCY 


Color transparency is the concept that a certain 
color or range of colors in the source or destina- 
tion field of a BITBLT operation are actually trans- 
parent, with the rest being opaque. Transparent 
source colors do not overwrite the background. 
Opaque destination colors cannot be overwritten. 
Acommon simplified form of source transparency 
is the logical OR of source and destination, in 
which a source field of zero is effectively a trans- 
parent color, since when ORed with the destina- 
tion, it does not change. 


Color destination transparency is supported by 
the WD90C33, in addition to the more limited 
monochrome transparency described elsewhere. 


The Transparency Color registers specify a 4-Bit, 
8-Bit, or 16-Bit color to be used as the transpar- 
ency color. Refer to Table 12-2. 


Transparency Color, Byte 0, Index 6 


* In Planar Modes only the four low-order Bits 
are used. 


| FUNCTION 
15:12 [ortt (inde) 
[11:8 |Reseved 


The Transparency Mask registers specify a 4-Bit, 
8-Bit, or 16-Bit mask to compare with the trans- 
parency color. Refer to Table 12-2. 


BITBLT Transparency Mask, Byte 0, index 8 


1000 (Index) 


7:0 | Transparency Mask * 


* In Pianar Modes only the four low-order Bits 
are used. 


Transparency Mask, Byte 0, Index 9 


1001 (Index) 


Reserved 


Transparency Mask * 


* For 16-Bit color. 


The pixels of the destination are compared 
against the Transparency Color under control of 
the Transparency Mask. Each Bit of the Transpar- 
ency Mask that is a 1 makes the corresponding 
Bit of the Transparency Color a “don't care”. 


The Transparency Enable Bit of the Control Reg- 
ister 2 (Table 12-4) specifies whether Color Trans- 
parency is enabled or disabled. The Transparency 
Polarity Bit specifies whether pixels matching the 
Transparency Color are considered transparent. 
In this case, only destination pixels matching the 
transparent color can be overwritten, or transpar- 
ent, and only non-matching pixels can be over- 
written. 


12.13. FILLED RECTANGLES 


Filled rectangles can be drawn very efficiently by 
the hardware. A filled rectangle is simply a BIT- 
BLT operation with a source of a fixed color. To 
draw a filled rectangle, the host sets the Source 
Format field in Control Register 1 to “Fixed Color 
and the Foreground Color Registers, Index 2 and 
3, (refer to Table 12-2) to the desired fill color. A 
source X and Y are not required. All other options 
are available in a normal manner. 
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12.14 HOST BIT BLOCK TRANSFER (HBLT) 
HBLT has two major functions: 


e image Transfer 
e Color Expand 


Image Transfer: 

HBLT Image Transfer Is used to transfer a Bitmap 
from the host to the screen. The Bitmap can con- 
tain all colors in a mode. HBLT transfers support 
8-Bit, 16-Bit, or 32-Bit memory or I/O access. 


Color Expand: 

When a Bitmap, such as a font, that needs only 
One or two colors is transferred, the HBLT Color 
Expand function provides faster transfers since 
only one-Bit-per-pixel transfers are performed. 
That one Bit is then expanded into two colors 
(foreground and background) or one color (fore- 
ground) and transparent. However, HBLT color 
expand is limited to a maximum of 16-Bit transfers 
because memory bandwidth would hold 
IOCHRDY low too long for 32-Bit transfers. Fewer 
Bits may be required for some situations. 


For HBLT to transfer a Bitmap from the host to the 
screen, set the Control Register 1"Source Select” 
Bit to 1. Refer to Tabie 12-3. 


12.14.1 HBLT Data Access 


After starting a Bit-Block-Transfer (BITBLT) opera- 
tion, the host writes lines of the Bitmap to the 
Read-Back-Latch. This access can be done 
through memory write or I/O write. 


Memory access is normally faster due to shorter 
AT bus cycles and freedom from the operating 
system protection of I/O Port. 


The selection of memory or /O access for HBLT 
data is controlled through the Control Register 2 
“HBLT Through Memory” Bit as follows: 


0 = Screen memory normal (use I/O Port 23C4h 
for data transfer). 

1 = All screen memory is decoded for HBLT 
image data 


During HBLT through memory transfers, the desti- 
nation address is set with the Destination X and 
Destination Y registers. The transfer address is 
used only to align byte and word transfers. 
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For memory writes (8-Bit, 16-Bit, or 32°-Bit), the 
memory address depends upon register 3CFh 
Index 6, Bits 3:2, the same as standard VGA. Bits 
3:2 select address ranges as follows: 


BIT 
| 3 | 2 | HOST ADDRESS RANGE 

| 0 | 0 | Acoo:0n-BFFFFn 
| 0 | 1 | A000:0n- AFFF:Fh 
| 1 | 0 | B000:0n-B7FF:Fh 
| 1 | 1 | 8800:0n-BFFF Fn 


NOTE 
Transfers of 32-Bits must be image 
transfers only. Color expand accommo- 
dates 16-Bit transfers maximum. 


For I/O transfers, HBLT data access occurs 
through writes at address: 


e §8-Bit 1/O accesses at addresses 23C4h, 
23C5h, 23C6h*, and 23C7h’* in sequence 

© 16-Bit 1/O access at addresses 23C4h and 
23C6h* in sequence 

© 32-Bit I/O access at address 23C4h* 


NOTE 


The asterisk (*) indicates these must be 
image transfers only. 


12. 14.1.1 HBLT Writes 


When data from the host is not available, the 
Drawing Engine suspends the HBLT operation 
until the data becomes available (DE Busy 
remains 1). If data comes from the host and the 
Drawing Engine is not ready, the data is placed in 
the Write buffer. If the Host Write buffer is full, 
IOCHRDY is used to hold off the host. 


12.14.2 Programming Sequence for HBLT 


The sequence of programming for HBLT Bitmap 
data transfers is given in the following steps: 


1. Wait for the Command Buffer locations to 
be available for parameters (For Command 
Butfer description, refer to Section 13.) 
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2. Enter set-up parameters including destina- 
tion, width, height, FGC, BGC, etc. 


3. Use CLI to disable host interrupts that could 
cause conventional VGA access during an 
HBLT data transfer. 


4. Write Control Register 1. 


5. Wait for Command Buffer Locations Avail- 
able = 0000 (for all eight locations). This al- 
lows the Control Register 1 write to reach 
the Drawing Engine. A previous operation 
may have the Drawing Engine busy, and 
hold Contro! Register 1 in the command 
buffer until the previous operation is com- 
plete. 


6. Transfer the image or Bit map to the 
WDS0C33. This transfer can be done 
through the 23C4h Register or memory. 


Wait for Drawing Engine busy to equal 0. 
8. Use STI to enable interrupts. 


NOTES 

1. Steps 3, 6, and 7 are required when 
host interrupts that access VGA are 
present in the system. These 
interrupts could be from a network, 
communications program, TSR 
programs, keyboard, etc. Any 
conventional VGA host access during 
a HBLT operation will confuse HBLT. 

2. This sequence can be used with the 
command buffer enabled or disabled. 


12.14.3 Image Transfer 


For Image Transfer every transfer of a line of host 
data must end on a 32-Bit boundary. Pad Bits can 
be added before and after the image to complete 
32-Bit blocks. Any block contains data for one line 
only. The least significant Bit (LSB) is displayed 
on the left for X Direction = 0. 


The 32-Bits of image data are accumulated in the 
Read-Back-Latch. When the host transfers less 
than 32-Bits in a write, address Bits 0 and 1 deter- 
mine which bytes to write. 


READ-BACK-LATCH 


BYTES | BYTE2 | BYTE1 BYTE 0 
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Data Available triggers the Drawing Engine to 
write data when either: 


e X Direction is positive and Byte 3is loaded 
(preferred) 

e X Direction is negative and Byte 0 is loaded 
For an example of an Image transfer, consider the 
following parameters: 

1. Selectec Destination ; per pixel. 

2  X Direction is Positive. 
3. Y Direction is Positive. 
4 


Source X is set to 1. This selects byte 1 of 
the Read-Back-Latch for the left most pixel 
of the destination. 

Destination X is set to 1. 

Destination Y is set to 2. 

Dimension X is set to 4 (for 5 pixels). 

X Direction is Negative and Byte 0 is 
loaded 


Then: 


ae 

ADDRESS | DATA 

/B800:0 | 84 | Before Pad (Optional) 

/B800:1 | 85 | First Pixel, First Line 

/B800:2 | 86 {Second Pixel, First Line 

Third Pixel, First Line 
32-Bit Boundary 

[880035 | 89 | Fth Po, First Uno 

[26005 | ~@a_|Ater Pad, (Required) | 
32-Bit Boundary 

(e800: | ~@D | Fret Pil, Second Line | 


B800:A Second Pixel, Second 
Line 


B800:B Third Pixel, Second Line 


32-Bit Boundary 


[B800;6 | _90_[ Fourth Pixel, Second Line 
[88000 | 91 _| Fith Pixel, Second Line _ 
[B800E | 92 | After Pad, (Required) 
[Be00F | 93 [After Pad, (Required) 


ONOn 
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Screen 


1. In the figure above, pad bytes are 
outside the destination area (white), 
and do not appear on the screen. 

2. Byte access is shown to Clarify 
pads. In practice, 32-Bit transfers 
would be faster. 


12.14.4 Color Expand Function 


For the color expand function, lines of the bitmap 
are transferred directly. Pad Bits are required only 
to the next 8-Bit boundary. Any write contains 
data for one line only. The most significant Bit 
(MSB) is displayed on the left when X Direction = 
0. 


For 8-Bits per CPU write, set Control Register 2, 
Bits 2:0 to 101b. Then, use a byte move instruc- 
tion such as MOVSB. This works around a prob- 
lem with odd addresses. 


Planar mode HOSTBLIT color expand works for 
all Source X from 0 trough 7. 


Packed mode HOSTBLIT color expand works for 
all Source X from O trough 3. When Source X is 
greater than 3, it wraps around the 8-bit register 
(23C4h or memory) as follows: 


WD90C33 


= 2, 6, 10 
Source X = 1, 5, 9, ... 
Source X = 0, 4, 8, ... 


Destination 
In. 16-bits per pixel mode, HOSTBLIT color 


La,and works for Source X = 0 and 1 only. When 
Source X is greater than 1, it wraps around the 8- 
bit register (23C4h or memory) as follows: 


First Byte of Color Expand Data 


Source X = 1, 3, 5, 7, 9, ... 
Source X = 0, 2, 4, 6, 8, ... 


For an example of the color expand function, con- 
sider the following parameters: 


1. X Direction is Positive. 

2. Y Direction is Positive. 

3. Monochrome Transparency is set to 0. 
4. Source X is set to 0. 

5. Destination X is set to 1. 

6. Destination Y is set to 2. 

7. Dimension X is set to 4 (for 5 pixels). 


| fopress. | ara 
ADDRESS DATA 
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Screen NOTE 

In the figure above, pad Bits are outside 
the destination area (white), and do not 
appear on the screen. 


When a slow MCLK is used, there is less time 
available for memory access. This limits the num- 
ber of color expand Bits that can be written to 
memory while using CHRDY to hold off subse- 
quent writes. Generally, the modes listed in Table 
12-7 should use less than 16-Bits per host write 
operation. 


fg = foreground 
bg = background 


MAXIMUM 
BITS PER 


The MCLK rate is related to the speed of the DRAMs used and is usually set by the board 
manufacturer. 


The VCLK rate is determined by the current display mode. For an external clock generator, 
the VCLK rate is set with PR32 (3C5h, Index 12, Bit 2) write only, and Miscellaneous Output 
Register (Write 3C2h, Read 3CCh, Bits 3:2). 


ROP = s includes single operation ROPs 0, 3, 5, A, C, and F. 
ROP = ds includes destination and source ROPs 1, 2, 4, 6, 7, 8, 9, B, D, and E. 


More Bits per write can be used if software guarantees enough time between writes to allow 
the VGA to write memory. The time necessary can be computed from: 
wait = Bits_written * Max CHRDY4 / Max_Bits/Host Write? 


Where: “wait” is the time in microseconds between host writes. 
“Bits_written is the desired number of Bits per host write. 


TABLE 12-7. COLOR EXPAND LIMITED MODES 
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12.15 DRAWING MODES 


The WD90C33 supports four drawing modes. The 
drawing modes are selected by Control Register 
1, Bits 11:9 (refer to Table 12-3). 


The drawing modes are: 


e BITBLT 

e Line Strip 

e¢ Trapezoidal Fill Strip 
e Bresenham Line 


12.15.1 Line Strip 


The Line Strip drawing mode is supported to sat- 
' isfy the need for a line draw algorithm other than 
Bresenham lines. The Bresenham Line drawing 
mode is described in Section 12.15.3. 


Line strip provides flexibility in selecting the pixel 
to be drawn. Depending on the setting of the 
Major Bit (Control Register 1, Bit 6), Line Strip will 
draw a horizontal or vertical strip. 


When Control Register 1, Bits 11:9 are set to 010, 
Line Strip is selected and the hardware will draw 
one strip with the length specified in Dimension X. 
At the end of the strip, if the X Direction Bit (Bit 8) 
is set to 0, the hardware increments Destination X 
by 1. If the X Direction Bit is set to 1, the hardware 
decrements Destination X by 1. 


The same operation is done to Destination Y 
depending on Y Direction Bit (Bit 7), and the 
above operations are then repeated as specified 
in Dimension Y 


The user may write to Dimension X with a new 
value, and the hardware will again draw strips 
with the new length. Dimension Y may be 
changed also, but it has to be changed before 
writing to Dimension X. When the drawing mode 
is set to line strips, writing to Dimension X will 
start the hardware to draw. 


The Line Strip operation may be repeated as 
many times as required. However, following the 
last operation, Control Register 1, Bits 11:9 must 
be set to 000 (No Operation). This ensures that 
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subsequent writes to Dimension X will not start a 
Drawing Mode operation. 


The following example draws a line from (5, 3) to 
(20, 8) and the pixels to be drawn are: 


111111117112 
X=e= 5678901234567890 


Yxz3o000 
4 000 


© 
) 
co] 


For this example, the registers are programmed in 
the following sequence. 


VO Port 23C2h Setup 
Destination X = 5 
Destination Y = 3 
Dimension Y = 1 (2 minus 1) 
Dimension X = 2 (3 minus 1) 


Control Register 1, Index 0, Line Strip Setup 


Cc 
Drawing Line Strip 
Mode ; 
X Direction Positive (To 
the Right) 
7 Y Direction Positive 
(Downwara) 
X Major 
(Horizontal 
Strip) 
Source For- Fixed Color 
mat 


| + jotrersits | oo | 
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V/O Port 23C2h Writes 

Dimension Y = 0 (1 minus 1) 

Dimension X = 1 (2 minus 1) 

Dimension Y = 1 (2 minus 1) 

Dimension X = 2 (3 minus 1) 

Dimension Y = 0 (1 minus 1) 

Dimension X = 1 (2 minus 1) 
During Line Strip writes, if the Command Buffer is 
disabled, the writes to Dimension X and Dimen- 
sion Y must wait until the Drawing Engine is not 
busy. If the Command Buffer is enabled, the buffer 
should be checked to ensure that enough loca- 
tions are available. For Command Buffer opera- 
tion refer to Section 13. 


Control Register 1, Index 0, No Operation 
BIT LOGI 
S Cc 
Drawing No Opera- 
Mode tion 
X Direction Positive (To 
the Right) 
7 Y Direction Positive 
(Downward) 
X Major 
(Horizontal 
Strip) 
Source For- Fixed Color 
mat 


| = [Otherpits | o | | 


This operation prevents subsequent writes to 
Dimension X from starting a drawing operation. 


12.15.2 Trapezold Fill Strip 


The Trapezoid Fill Strip drawing mode is sup- 
ported to quickly fill arBitrary shaped objects. 
Operation is similar to Line Strip except that Trap- 
ezoid Fill Strip does not use Dimension Y as a 
count number and It does horizontal strips only. 


Following the last Trapezoid Fill Strip operation, 
Control Register 1, Bits 11:9 must be set to 000 
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(No Operation). This ensures that subsequent 
writes to Dimension X will not Start a Drawing 
Mode operation. 


The following example can be used to fill a sym- 
bol. 


1111111122222222 
Xew 2345678901234567 
Yx#2oao0oo0o0o0 

3 ooo0oo0o 

4 oo00 

5 0000 

6 0000 

7 o0000000 0000000 


Boooooooooo°0°$o 


For this example, the registers are programmed in 
the following sequence. 


V/O Port 23C2h Setup 
Destination X = 12 
Destination Y = 2 
Dimension X = 4 (5 minus 1) 


Control Register 1, Index 0, 
Trapezoid Fill Strip Setup 


BIT LOGI 
Ss Cc 

Drawing Trapezoid 

Mode Fill Strip 

X Direction Positive (To 
the Right) 

Y Direction eee 
pee, 

Major X Major 
(Horizontal 
Strip) 

Source For- Fixed Color 

mat 


|= [otmersis | oo | 
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VO Port 23C2h Writes 

Destination X = 14 

Dimension X = 4 (5 minus 1) 
Destination X = 16 

Dimension X = 3 (4 minus 1) 
Destination X = 16 

Dimension X = 3 (4 minus 1) 
Destination X = 15 

Dimension X = 3 (4 minus 1) 
Destination X = 13 

Dimension X= 14 (15 minus 1) 
Destination X = 12 

Dimension X = 11 (12 minus 1) 


During Trapezoid Fill Strip writes, if the Command 
Buffer is disabled, the writes to Destination X and 
Dimension X must wait until the Drawing Engine 
is not busy. If the Command Buffer is enabled, the 
buffer should be checked to ensure that enough 
locations are available. For Command Buffer 
operation refer to Section 13. 


VO Port 23C2h, Index 0, Control Register 1, 
No Operation 


11: | Drawing No Opera- 
9 Mode tion 
X Direction Positive (To 
the Right) 
Y Direction ae ee 
Le es 
X Major 
(Horizontal 
Strip) 
Source For- Fixed Color 
mat 


| = [othersits | of 


This operation prevents subsequent writes to 
Dimension X from starting a Drawing Mode oper- 
ation. 
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12.15.3 Bresenham Line 


The WDS90C33 supports line drawing using the 
Bresenham algorithm. In addition to the Drawing 
Engine registers, three other Direct YO Port regis- 
ters need to be programmed. 


- REGISTER 
PORT | NAME | FUNCTION _ | 


23C8h Bresenham Con- 
stant 1 

23CAh Bresenham Con- 
stant 2 

23CCh j ET Bresenham Error 
Term 


For an example, the registers are programmed as 
follows: 


VO Port 23C2h, Index 4 through 7 Setup 
Destination X = xs 
Destination Y = ys 
Dimension X = max 


Bresenham Values 
K1 =2* min 
K2 = 2 * (min - max) 
ET = (2 * min) - max -1 if xs > xe 
ET = (2 * min) - max if xs < xe 


Legend for Bresenham Line Register Values 
xS = X coordinate of the starting point 
ys = Y coordinate of the starting point 
xe = X coordinate of the ending point 
ye = Y coordinate of the ending point 
delta x = abs (xs - xe) 
delta y = abs (ys - ye) 
min = min (delta x, delta y) 
max = max (delta x, delta y) 
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1/O Port 23C2h, Index 0, Control Register 1, 
Bresenham Line 


[errs] name [osic] _noves 


Drawing Bresenham Line 
Mode 


X Direction it xs is Sxe 
X Direction is 
Positive 


If xs > xe 
X Direction is 
Negative 


it ysis Sye 
Y Direction is 
Positive 


7 1Y Direction 


If ys > ye 
Y Direction is 
Negative 


If 
delta x > delta y 
(X Major) 
1 If 
delta x < delta y 
(Y Major) 
Source Screen Memory 
Select 
Source For- Fixed Color 
mat 


Pattern Not Used 
Enable 

Destination Screen Memory 
Select 


Last Pixel | 0 | Pixel ON 
on | 4 ‘| Pixel OFF 


DRAWING ENGINE 


12.16 REGISTER BLOCK INDEX, INDEX Fh 


All register blocks have an Index Fh that can be 
used to switch the block or index. Normally, to 
change a register block or index requires the user 
to write to I/O Port 23COh with the values of the 
register block or index desired. To speed up block 
switching or to change the register index, Index F 
can be used instead. 


pir | FUNCTION, 
41:8 | Register Index 
Register Block Pointer 
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13.0 EXTENDED REGISTER ACCESS 


All of the WD90C33 enhanced functions are con- 
trolied by one or more extended registers, most of 
which are above and beyond standard VGA regis- 
ters. 


Enhanced functions are controlled by indexed 
register blocks. Each indexed register block can 
contain up to sixteen 12-Bit indexed registers. 
The 4-Bit register index is written, along with the 
12-Bit data field, to form a 16-Bit word. 


Access to VGA-type registers is described in Sec- 
tion 5. This section only describes the access to 
indexed register blocks. 


13.1. ACCESSING INDEXED REGISTERS 


To write to one or more indexed registers within 
any register block, that register block must first be 
selected by loading its address into the Register 
Block Pointer field of the Index Control register. 
This causes the selected register block to appear 
at the Register Access port. 


A 16-Bit word is then written to the Register 
Access port. The four high-order Bits specify the 
Index of the individual register being written, while 
the 12 low-order Bits are the data to be written. 
Additional registers within the same register block 
may then be written without re-selecting that reg- 
ister block. 


To read one or more indexed registers within a 
register block, the address of that register block is 
written to the Register Block Pointer Field, Bits 7:0 
of the Index Control Register at Port 23C0h and 
the desired starting register to be read within the 
block is written to the Register Index Field, Bits 
11:8 of this register. Both fields are set with the 
same 16-Bit write. This causes the selected regis- 
ter to appear at the Register Access Port located 
at 23C2h. 


A 16-Bit word is then read from the Register 
Access Port. When reading an indexed register, 
the value returned contains the index of the regis- 
ter in the four high-order Bits. 


WD90C33 


If the Auto-Increment Disable Bit in the Index 
Control register is reset, consecutive reads to the 
Register Access Port will return consecutively 
indexed registers within the same register block. 
Registers are read in ascending order through 
register F (the 16th register in the block), followed 
by register 0 and cycling indefinitely as long as 
reads continue. Addressing a non-existent regis- 
ter results in zeros being returned in the 12-Bit 
data field. 


lf the Auto-Increment Disable Bit is set, consecu- 
tive reads return the same indexed register. 


forr|ers| awe 

PORT 

0 [eee Index Control 
fisna[ Reserved 
[13 | twat Register Block (RO)| 
[12 | Aaornerement Disable | 
rie | Regsiorindex 


23C2 Register Access Port 
2304 
23C6 


Host Bit Block Transfer (HBLT) 
Port 1 


imo 

| 15:0 | 

— 
Port 0 

[13:0 

| 13:0 | 


DIRECT I/O PORT ADDRESS- 
ING 


TABLE 13-1. 


INDEX CONTROL REGISTER 
PORT 23C0h 


Except for Bit 13 which is a read only, the Index 
Control register is a read/write register which con- 
trols reads and writes to indexed registers blocks. 
Refer to Table 13-1. 


Bits [15:14] 
Reserved 


13.2 
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Bit 13 - Invalid Register Block (Read Only). 
O = Currently addressed register block exists on 
this device. 


1 = Currently addressed register block does not 
exist on this device. 


Bit 12 - Auto-increment Disable. 
O = Consecutive reads return consecutive 
indexed registers. 


1 = Consecutive reads return the same indexed 
register. 


Bits [11:8] - Register Index 


The index of the desired starting register to be 
read within a block is written to these Bits. When 
read, these Bits return the index of the next regis- 
ter to be read. 


Bits [7:0] - Register Block Pointer 


To read one or more indexed registers within a 
register block, the address of that register block is 
written to this field. 


REGISTER ACCESS 
PORT ACCESSES 

| 00 System Control Registers 

| on Drawing Engine Register 


Hardware Cursor Registers 


Drawing Engine Register 
TABLE 13-2. REGISTER BLOCK MAP 


13.3. INTERRUPT STATUS REGISTER, 
SYSTEM CONTROL REGISTERS 


BLOCK - INDEX 0 


Interrupt status Information is provided by the 
Interrupt Status register in the System Control 
Register block. This register returns information 
as to which part of the WD90C33 caused an inter- 
rupt. 


Reading this register does not reset any inter- 
rupts. Resetting of each interrupt is handled inde- 
pendently. 


Unassigned interrupts are returned as zeroes. 


fisa2 [ooooinde) ———SSSC~*” 
rit [interrupt 10 Ave 
a 


nterrupt 7 Active 


! 

7 High when at least one of interrupts 10 
through 7 is active. 
i : 


16 _| Interrupt 6 Active 

2 2a eee, 
'1 [Interrupt 1 Active 

| oo | Any Interrupt is Active 


VGA interrupt 
Pe el BITBLT interrupt 


13.4 COMMAND BUFFER AND INTERRUPT 
CONTROL REGISTER 
Address 23CE/23CFh 


ao 

| 0 | Interrupt Cleared 

| 1 | Interrupt Pending 
ae DE* Not Busy Interrupt Sta- 
tus (Read Only) 
3] Imerupt Cleared 
7] interrupt Pending J 


DE* Not Busy Interrupt Clear 
(Read/Write) 


[ers] tocic[ FUNCTION —_— 
Piet | 
¥ Vertical Retrace Interrupt 
Status (Read Only: Same as 
merge 
Interrupt 
P| inept 
Interrupt 
TABLE 13-3. COMMAND BUFFER AND 
INTERRUPT CONTROL REGISTER 
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Operation from DE 
Finished 


Operation from DE in 
Progress 


Abort DE and Dump 
Command Buffer 
Command Buffer Overflow 
(Diagnostic Read Only) 
Normal Operation 
Command Buffer 
Overflow Occurred Since 
Last Enable 
Command Buffer Enable 
(Read/Write) 
Command Buffer 
Disabled 
Command Buffer Enable 
Reserved 


fz 

[| oto | 3 Locations Available 
[ [0170 | 2 Locations Avaliable 
[_|-011t_] 1 Locations Avaliable 


Full: No Locations 
Available 
* DE refers to Drawing Engine. 


TABLE 13-3. COMMAND BUFFER AND 
INTERRUPT CONTROL REGISTER 
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13.4.1 Command Buffer Description 


The Command Buffer (I/O Port Register 23CEh) 
is a First-In First-Out (FIFO) buffer that can hold 
up to eight Drawing Engine register writes. When 
the Drawing Engine is busy, the Command Buffer 
allows the Host to continue sending commands 
instead of waiting unti! the Drawing Engine is fin- 
ished. When the Drawing Engine completes a 
current operation, the contents of the Command 
Buffer are loaded into the Drawing Engine on a 
first-in first-out basis until the Command Buffer is 
empty or another command begins. 


The Command Buffer stores only Drawing Engine 
writes. The Hardware Cursor and standard VGA 
writes do not go through the Command Buffer. 


Buffered registers include: 


® 23C2h Block 1 Index 0 through E 

23C2h Block 3 Index 0 through E 

23C8h 

23CAh 

23CCh 

Registers 23C0h or 23C2h Index F set the block 
and index. These registers are buffered as part of 


the address for each write. Therefore, these regis- 
ters do not use Command Buffer locations. 


13.4.2 Command Buffer Operation 


The Command Buffer is enabled by setting V/O 
Port Register 23CEh, Bit 5 to 1. It should be left in 
the enabled state at all times. 


Some operations can take the Drawing Engine a 
long time to execute, so the software should 
check the Command Buffer Locations Available 
Bits before writing commands (refer to Table 13- 
3). The software should poll the Locations Avail- 
able Bits until there are enough locations to hold 
the Drawing. Engine writes. 


If the Command Buffer is written to when it is full, 
the information usually is not stored and the over- 
flow Bit (23CEh, Bit 6) is set to 1. This Bit can be 
read to determine the Command Buffer status, 
and is cleared by disabling the Command Buffer 
(23CEh, Bit 5 is set to 0). 
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When the Command Buffer is disabled, the Loca- 
tions Available Bits follow the Drawing Engine 
Busy, and can be polied to determine if a write 
operation can be performed. Then, if the Buffered 
registers are written to, the Locations Available 
status indicates empty (0000) until the Drawing 
Engine operation starts. The status then snaps to 
full (1000). When the Drawing Engine finishes its 
operation, the Command Buffer Locations Avail- 
able status returns to empty and another write 
operation can be performed. 


The following program provides an example of 
Command Buffer initialization and use. 
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Initialization 


OUT 23CEh,0020h ; enable command © 
; buffer 


Poll For Command Using Three Writes 


loop: IN ax,23CEh 


AND ax,000Fh ; locations 


; available mask 


CMP ax,5 ; locations needed 
; 5 = (8-3) 

JG loop ; buffer full keep 
; polling 


OUT 23C2h,6003h_ ;new Dimension X 
OUT 23C2h,7002h ;new Dimension Y 


OUT 23C2h,0200h ; new BITBLT 
; command 


RET ; on to next task 
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14.0 APPLICATION AND PROGRAMMING NOTES 


14.1. BITBLT IN VGA MODES 4, 5, AND 6 


VGA modes 4, 5 and 6 are partially supported by 
the WD90C33. Since these modes are not com- 
monly used in Windows, the additional hardware 
required to support the even/odd scan line offset 
technique employed in these modes is not sup- 
ported. 


However, a BITBLT operation in these VGA 
modes can often be broken up into two or three 
BLT operations, each of which operates on a con- 
tiguous area of memory. 


When the vertical offset between source and des- 
tination is an even number of rows, the desired 
operation can be broken into two BITBLTs, one for 
the even rows and one for the odd rows. This 
requires careful consideration of the register 
parameters, especially the BITBLT Dimension Y 
register. 


Where the offset is an odd number of rows, it may 
still be possible to break up the operation into only 
two BITBLTs, provided there is no overlap 
between the source and destination regions. This 
is because information is being swapped between 
the even and odd scan line regions. 


Where source and destination do overlap, it may 
be possible to use a scratch space in off-screen 
memory and break up the operation into three 
BITBLTs. 


Another possibility is to break up a BITBLT into a 
series of one-line high operations that can be 
referred to as Line-BITBLTS. In this manner, a 
BITBLT may be simulated by the driver as a 
series of Line-BITBLTs. 


142  BITBLT OPERATIONS IN TEXT MODE 


BITBLT acceleration is available in VGA Text 
Modes. Text Mode BITBLTs generally consist of 
moving only character and attribute data (in maps 
0 and 1), while leaving the font data (in maps 2 
and 3) alone. The BITBLT mask is set to prevent 
update to those maps. For this reason, Planar 


(not Packed) Mode must be used. Similarly, the 
BITBLT mask can be set to move only character 
data, or only font data. 


Each display memory tocation consists of four 
bytes: one character, one attribute and two font 
plane bytes that are not part of the character but 
happen to fall in the same location as the charac- 
ter, but on maps 2 and 3. In planar mode, this is a 
space of eight pixels. Therefore, the source and 
destination of a character BLT must be multiples 
of eight. The X dimension is the number of char- 
acter columns to be copied times eight but the Y 
dimension is simply the X number of character 
rows (not multiplied). The row pitch is set to the 
number of characters per row times eight. 


14.3. USE OF BITBLT FOR ARBITRARY 
SIZED PATTERNS 


While the BITBLT hardware specifically acceler- 
ates 8 by 8 patterns, patterns of arBitrary size can 
be accelerated by use of the BITBLT, although to 
a lesser degree. 


To copy an arBitrary size pattern to a destination 
region, the pattern should be stored in non-visible 
memory as a rectangular region, not a linear strip. 
With destination update enabled, one copy of the 
pattern should be BITBLTed to the top-left corner 
of the destination. The BITBLT source is then set 
to point to the pattern now in the destination 
region. 


A series of BITBLTs are then performed, each 
doubling the width of the patterned area, simply 
by adjusting the X Dimensions register. (The last 
of this series of BITBLTs just fill out the destination 
region.) 


A new series of BITBLTs is then performed, taking 
the horizontally complete pattern and doubling it 
in height each time. The destination update 
should be turned off, and the destination must be 
set for each new BITBLT. The final BITBLT will 
probably not be a double of the previous one 
since it just fills out the region. 
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14.4 USE OF PATTERNS IN TEXT MODE 


Patterns may be in text mode to quickly set char- 
acter and/or attribute bytes in a rectangular area 
to a common value. A pattern space must be cre- 
ated containing eight consecutive copies of the 
four-byte area consisting of the character, the 
attribute and two Font Map bytes, all aligned to a 
64-pixel boundary. The BITBLT map mask is then 
used to protect the font maps. This pattern should 
be created in off-screen memory. 


If an off-screen pattern space is not available, one 
may be created on screen by loading an aligned 
group of eight character/attribute pairs within the 
destination area, then pointing to that as the pat- 
tern source. 


If the first character of the destination space hap- 
pens to be on an 8-byte boundary (such as the 
conventional top of screen) then, as long as the 
destination is at least eight characters wide, only 
the first character/attribute pair must be loaded, 
and the BITBLT operation creates its own pattern 
as it goes along. This also works if the destination 
is lass than eight characters wide, but is still wider 
than it is high. 


If this is not possible, then the operation can be 
performed one character row at a time, loading 


APPLICATION AND PROGRAMMING NOTES 


the first character of each row to be used as a 
on-screen pattern. 


Filled rectangles have a very limited application in 
text mode, but could be used to clear out a sec- 
tion of a font map or to set a section of a character 
or attribute map to all zeroes or all ones. Different 
values are not easily set in this manner because, 
in order to protect the font maps, planar mode, 
rather than packed mode, must be used. 


14.5 LIMITED 24-BIT COLOR SUPPORT 


Acceleration for 24-bit color is possible for BIT- 
BLT: however, it is not supported by hardware. In 
24-Bit color mode, the hardware is programmed 
like 8-bit color. The Source X, Destination X, 
Dimension X, Left Clip, Right Clip, and Row Pitch 
are multiplied by 3. Transparency and Bit Plane 
Masking are not supported. 


Other drawing functions such as Bresenham line, 
Line Strip, Trapezoid Fill Strip, Pattern Fill, and 
Rectangle fill are not supported. 
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15.0 SIGNATURE ANALYZER 


A signature analyzer is designed for use in the 
WD90C33. The primary purpose of the signature 
analyzer {s to ald in IC test and board level test. 
The signature analyzer allows the video output 
path to be included in diagnostics. Signature anal- 
ysis is a method of compressing large amounts of 
data to be compared. Each video frame (video 
data and mode dependent) has a unique signa- 
ture capable of detecting single Bit errors. 


15.1. DESCRIPTION 


The basis of the signature analyzer Is a Linear 
Feedback Shift Register (LFSR). The inputs to the 
LFSR tap onto the VID[7:0] output of the IC. The 
signal path of the video outputs is not modified by 
adding the signature analyzer. The primary vari- 
ables for a signature analyzer are the length of 
the shift register and the feedback terms to be 
used. The length affects the probability of mask- 
ing an error. The chance of masking an error is 
approximately 1/2n, where n is the length of the 
shift register. A 16-Bit signature register is used 
on the WD90C33. Selection of an optimal feed- 
back polynomial will depend on the type of errors 
expected. The CRC-CCITT polynomial (x1 + x!2 
+x5 +1) has been implemented on the WD90C33. 


15.2 OPERATION 


The signature analyzer is designed to collect sig- 
natures of the VID[7:0] outputs over one vertical 
frame. The signal path of the VID[7:0] has not 
been altered. The signature analyzer register 
(LFSR) is enabled at the falling edge of the inter- 
nal VSYNC (before polarity selection) if the start 
Bit is high. The following rising edge of the 
VSYNC signal will disable the LFSR. For inter- 
laced operation, the signature is collected from 
the beginning of the even field to the end of the 
odd field. The signature analyzer contains a 4-Bit 
control register PR19 (address 375.3F). Power- 
up-reset clears this register to OOH. The register 
has both read and write locks. The read lock origi- 
nates from PR10 Bits 7 and 3. The write lock orig- 
inates from PR10 Bits 2 through 0. PR10 also 
serves as the lock for other registers. 


WD90C33 


FIGURE 15-1. LINEAR FEEDBACK SHIFT 
REGISTER 
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READ/ 
WRITE DESCRIPTION 


ep Writing a 1 to this Bit position enables the signature analyzer 


to collect a signature at the falling edge of the next vertical 
Clear 


sync pulse. This Bit may be read to check status if the read 
lock is disabled. For status: 1 = Busy, 0 = Finished or not 
enabled. 


Writing a 0 to this Bit position preloads the Signal Analyzer 
Register (LFSR) with 000th. This Bit must be set to operate 
the signature analyzer. For operation: 1 = Normal operation, 
0 = Preload LSFR. 


This Bit is used in a self test mode. A fixed signature will be 
generated for any given mode (independent of video memory 
data). To enable self-test: 1= Disable video inputs, 0 = Enable 
video inputs. 


Disable 
Video Input 


This Bit must be set to read the video signature and status. To 
read: 1 = Enable read of LSFR (address 375h, Index 20h and 
21h), 0 = Disable reads of LFSR. 


TABLE 15-1. CONTROL REGISTER PR19 


The following programming procedure summarizes the sequence that will setup, check, and read a video 
signal signature. 


1. Load 85h ->375.29h; Releases the Control Register (PR10) read and write lock 


2. Load 00h ->3?5.3Fh; Clears the signature analyzer 
3. Load 0O3h->375.3Fh; Enables the signature analyzer to collect data 
4. Read 375.3Fh; Checks status for busy: 


if LSB = 1, repeat step 4 
if LSB = 0, signature is collected, proceed to step 5. 


5. Load OAh-> 3?5.3Fh; Enables signature analyzer to read port 
6. Read 375.20h; Reads low byte of signature 

7. Read 375.2th; Reads high byte of signature 

8. 


Load 00h -> 3?5.3Fh; Clears signature analyzer and locks read port 
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16.0 WVOMAPPING 


The section provides the following information: 


e Adescription of WD90C33 I/O Mapping 
e A list of |1XO Mapping Groups 


16.1. DESCRIPTION 


The /O Mapping allows the WD90C33 to enter a 
test mode where all of its pins are divided into 
groups with inputs and outputs. The path for each 
group goes from the Input pin(s), through the 
WD390C33, and to the output pin. Each group can 
be treated as a separate resistive path to check 
for open and shorted circuits within the group and 
between groups. Table 16-1 lists each group 
(path) with its corresponding input and output 
pins. 


The WD90C33 must meet the following four 


requirements in order to enter the I/O Mapping 
test mode. 


e lOWis low 
e IORIs low 


e CNF(2) is high (MD2 is pulled high) 
¢ RESET is active high then goes low 


if both OW and IOR are low at the same time, it 
becomes an illegal condition in AT compatible 
computers and a reserved condition in the PS/2 
compatible computers. CNF2 high ensures that 
WD90C33 is in AT mode. 


RESET controls a transparent latch as shown in 
Figure 16-1. Reset can be dropped low to latch 
the test mode. All the bidirectional pins are forced 
to input mode when in the test mode. 


WD90C33 


TRANSPARENT LATCH 


RESET = 0 = LATCH 

RESET = 1 = TRANSPARENT 

THE FIRST ROW OF TABLE 16-1 IS SHOWN. 
OTHE R ROWS ARE CONNECTED SIMILARLY. 


FIGURE 16-1 TYPICAL I/O MAPPING 
TEST CIRCUIT 


16.2 PIN GROUPING 


The pin grouping listed in Table 16-1 was selected 
to minimize routing overhead of I/O pin mapping. 
Multiple input pins in a row are ORed together to 
the output shown in the following table. The input 
column lists the input pin number(s) along with the 
signal name(s). The output column lists the output 
pin number along with the signal names. 


NOTE 


Power and ground pins and pins with no 
connection (a total of 45 pins) are not in- 
cluded in |/O Mapping. 
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oureut_[ INPUT + 


OUTPUT INPUT 
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IOW, 
lOCS16, 

SYSRESET, 
BES 


IOCHRDY 


MEMCS16 52, 


NNO 
peerage 


VSYNC 


oo ®©® @ 
NOD 


HSYNC 


ooh 

> 

N 
© © @ © 
on eS 


(See Figure 
16-2.) 


TABLE 16-1. JO MAPPING GROUPS TABLE 16-1. VO MAPPING GROUPS 


@ 
> 
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OUTPUT 


OUTPUT 
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aC 


¥ 7 


VIDO 


se ; 
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TABLE 16-1. I/O MAPPING GROUPS 


D11, 
D3, 
EXPCLK 


MULTIPLE XER 
IOMAP 


FIGURE 16-2. MULTIPLEXER INPUT WITH 
CAS INVERTED 


MULTIPLEXER 
OMAP 


166 | viID3 
VviD4 Be ' 
D9, 
a MDET 
(See Figure 
16-3.) 


VIDS 
TABLE 16-1. I/O MAPPING GROUPS 


FIGURE 16-3. MULTIPLEXER INPUT WITH 
MCLK INVERTED 
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17.0 OPERATING ENVIRONMENT 


The following table lists the absolute maximum 
ratings for the WD90C33 controller. 


Ambient Operating 0°C to 70°C, 
Temperature Range | 32°F to 158°F 
under Bias 
Storage -40°C to 125°C, 
Temperature Range | -40°F to 257°F 
Voltage on any Input | -0.3 to 7 Volts 
or Output Pin with 
respect to Vss 
Dynamic 
Power Dissipation 


Static Power 0.66 Watts 
Dissipation (with 
CRTC refresh 
turned off) 


Electrostatic 2000 Volts 
Discharge Human Body Model. 


TABLE 17-1 ABSOLUTE MAXIMUM RATINGS 


OPERATING ENVIRONMENT 


CAUTION 


Stresses above those listed in the table 
may cause permanent damage to the 
device. This is a stress rating only and 
functional operation of the device at 
these or any other conditions above 
those indicated in the operation section 
of this data sheet is not implied. 
Exposure to absolute maximum rating 
conditions for extended periods may 
affect product reliability. 
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18.0 DC ELECTRICAL SPECIFICATIONS 


18.1. STANDARD OPERATING CONDITIONS 


The characteristics listed in the following tables 
apply to standard operating conditions, unless 
otherwise noted. All voltages are referenced to 
VSS (OV Ground). Positive current flows into the 
referenced pin. The standard operating voltage 
range is: 


4.75 to 5.25 VDC 


A{31:0}, BE3, BHE, EXPCLK, EXVID, MDET, 


SOURCE/ 
SIGNAL NAMES SIGNAL TYPE! SINK ee 


ALE, EMEM, IOW, IOR, MRD, MWR, SYSRESET | TTL, Hys 


182 DC CHARACTERISTICS 


The DC voltage characteristics for all active pins 
of the WD90C33 are listed in Table 18-1. The min- 
imum and maximum voltage, current, and capaci- 
tance for each pin are listed in Table 18-2. 


TTL, Hys, pu 


EIO, MCLK, VCLKO CMOS =~ 


MEMCS16, IOCHADY, IRQ POTTS Sees 2 ee 
BA{1:0], BLNK, PCLK, RPLT, WPLT, VID[7:0] 


HSYNC, VSYNC 
oWwS 


MA[8:0] 


VCLK1 


EBROM, USRI1:0) a Tr ar 


OE, RAS, RAS2, WE[S.0] CMOS, Tri | 46 
BD[7:0}], MD[31:0] fcMOS,pu | 


pO} TTL ys, pu 


[cas CC“‘($TCC#d' CMOS 
locs16 


VCLK2 TTL, Hys, pu eee 


NOTES: 
1. Signal type lists abbreviations for characteristics that are operational to the particular 
signal as follows: 

Abbreviation Description 
TTL Transistor-to-Transistor Logic 
CMOS Complementary Metal Oxide Semiconductor 
Hys 300 mV Hysteresis 
Tri Tristate 
oc Open Collector 
pu 50K to 150K pull up resistor 


TTL, Tri 


fami oe | ee 


CMOS, Tr 


TTL, iis. pu 


TTL, Hys 


TABLE 18-1 DC SIGNAL CHARACTERISTICS 


ve ADVANCED INFORMATION 5/27/93 135 


WD90C33 OC ELECTRICAL SPECIFICATIONS 


Ma. | TT Input Low | 03 | 08 |v VCC = 5V 4/- 5% 


eee fap 
Voltage + 0.3 

Fit Ri CL 
epee [= eae 
God ts Rel Ed Loca 


TTL Output High IOH = -2.0 mA 
Voltage 


certo oad Bl 
om CMOS Input High vcc- | VCC 

Voltage 1.0 +0.3 
fbn Sel ca 7 A 


si Na a 
Pull-up input Low > WA | 50K TO 300K 
Internal Pull-up 


APPLIES TO 
SIGNAL NAMES 


A[31:0}, ALE, BE3, BHE, BHE, 
D[31:0), EMEM, EXPCLK,_ 
EXVID, |OCS16 316, IOR, iOW, 
MDET, MRD, MWA, ROM16, 


ALE, CAS, EIO, EMEM, 
1OCS16, IOR, IOW, MCLK, 


MRD, MRW, ROM16, RSET, 


BA[1:0], BLNK, D[31:0], 
EBROM, HSYNC, 
lOCHRDY, IRQ, MEMCS16, 
PCLK, ROM16, RPLI, 

USR[1:0}], VCLK(2:1], 


pf BDIT:O CAS, EIO, MCLK, 
MD[31:0}, VCLKO 
Vo, only for: 


p BT CAS, MAI8:0], 
MDJ31:0], OE, RAS, RAS2, 
WE[3:0} 


A[31:0], BD[7:0], BE3, BHE, 
D[31:0}, EXPCLK, EXVID, 


lou | Putlup  Pukup input High High Ea 40 HA Resistor MD[31:0], MDET, VCLK2 
ta a hei Cals VOUT < VCC 
Leakage 
Input | input Capacitance _| | pFLFC=1MHz | = 1 MHz 
fae (ee ere eae FC = 1 MHz 
YO PinCapacitance| -- | 12 | pF | FC =1MHz — 


TABLE 18-2. DC POWER CHARACTERISTICS ] 
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19.0 AC TIMING CHARACTERISTICS 


19.1 INTRODUCTION © The numbers in the first column of each table 
The following information applies to all of the ae ean pene 
arameters listed in this section: ° 

P © Throughout this section, the minimum (MIN) 

° CL = 30 pF unless otherwise noted. and maximum (MAX) values are given in 

e nt implies n Xt, (n times the period t). e.g. It, nanoseconds (ns) unless otherwise specified. 
2t etc. 

e #n refers to the number in column 1 of the 
same table. 


NO. ON MIN MAX 
DIAGRAM PARAMETER VALUE | VALUE | TEST CONDITIONS 
RESET Pulse Width pot |= | te MLK (For 
| 2 _| MD setup to RESET Low aa RE sect 


Power-On and 
MD Hold from RESET? Low 


MD(15:0) 


FIGURE 19-1. RESET TIMING 
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NO. IN MIN MAX 
DIAGRAM PARAMETER VALUE VALUE | TEST CONDITIONS 


1V - (VDD - 1V) 
1V - (VDD - 1V) 


Applies to VCLK and MCLK. 
VCLKO and MCLK use CMOS level input buffers. V(IL) max = 1.5V, V(IH) min = VDD - 1.5V 


VCLK to VID[7:0] Delay 
MCLK Clock Period 


VCLK 
*PCLK 


PCLK 
(VCLK2) 


VID(7:0:) YY = CORY. 
HSYNC, 


Vv. e888 


8 
i Berar 5 
MCLK ___4 NS 


*PCLK is derived from the inverted VCLK. 
FIGURE 19-2. CLOCK AND VIDEO TIMING 
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A[23:17] Setup to ALE Low 
BHE, A[16:0} Setup to IOR, IOW, 
MRD, MWR Low 


A[16:0] Hold from IOR, IOW, MRD, 
MWR Low 


| 5 _| EIO Setup to IOR, IOW Low 1V - (VDD - 1V) 
| 6 | EIO Hold from IOR, IOW High ae eee 


11 D[15:0] Write Data Setup to IOW, 
MWR High 
D[15:0] Read Data Hold from IOR 
High or MRD High 

12b D[15:0] Write Data Hold from IOW, 
MWR High 

D[15:0] Read Data Valid after IOR, = hee t = 1/MCLK 

Low 


MWR Low to D[15:0] Write Data Valid} - | 3t+10 | t= 1/MCLK 


RDY High from MRD, MWR Low 2.45 tts | Maximum is stan- 
dard for VGA 

Memory Read Data Valid from RDY 

High 

| 16a ae ae 


modes. 
| t6b_ | RDYLowfromiOR,IOWLow | 10 | 25 CL 100pF_— 
| 17a [RDYTristatetromMAD,MWRHign | 10 | 25 [CL=100pF 
| 17> | ADY Tristatefrom]OR,JOWHigh | 10 |_—25_ [CL 100pF 
| 18 |EBROMLowfrom valid aj2a:t5) | | 40] 
| 19 |EBROMHoldtromMADHigh | = | | 
| 20a |WPLTLowtromiowLow | = | a7 | 
| 20b | APLTLowtromiORLow |; | | 
| ata |WPLTHightromiowHigh {| 8 | | 
| tb |RPLTHightromIORHigh | || 


TABLE 19-3. /O AND MEMORY READ/WRITE TIMING FOR AT BUS MODE 
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NO. ON MIN MAX 
DIAGRAM PARAMETER VALUE VALUE | TEST CONDITIONS 
22 EBROM Low from IOW Low 1t+20 
(46E8h Port) 
EBROM High from IOW High 
(46E8h Port) 
VCLK1 Low from IOW Low 1it+25 
(3C2h Port) 
VCLK1 High from lOW High 
(3C2h Port) 
IOCS16 Hold from IOW High if ae 


A(23:17] Valid to MEMCS16 or 


ROM16 LOW a 
MEMCS16 Tristate from the Next 
Active ALE 


| 30a | TOR TOW, MAD, MWA High | at 15 
| 306 | TOR, TOW, MRD, MWA Low | 
| 306 
a 
| 3 


CL = 100 pF 


CL = 100 pF 


CL = 100 pF 


t= 1/MCLOCK 


ue 
ie 
fr moex 
an 
ot 
= 


CL = 100 pF 


ALE Pulse Width | 30 
OWS Low from MWA Low a 
D[7:0] to BD[7:0] for IOW at O3C2h 

and 03C6h through 03C9h 


A{1:0] to BAL) eee ee cel 


1. Value depends on setting of PR31 (3C5h, Index 11h), Bits 4:3. t = 1/MCLOCK 
00 = 40 Max 
01 = 40 + 1t Max 
10 = 40 + 2t Max 
11 = 40 - 1t Max 


2. Numbers the first column correspond to numbers on the timing diagram Figure 19-3. 


3. The OWS signal is programmabie at PR33 (3C5, Index 13h). Parameter 31 is for PR66, Bits 
7:6 set to 10. 


TABLE 19-3. YO AND MEMORY READ/WRITE TIMING FOR AT BUS MODE 
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AC TIMING CHARACTERISTICS WD90C33 
Le 7 Sa RO RS I a et a Ne BOE AE I Oe I IY SL SS a rR ERE ea eS 


EMEM 
jj 
A[16:0} BHE UUW ™™( }(0(—="“use0lu—“e/!—“ss 


P| 
: 6.3 


EBROM 


WELT 
RPLT 


EBROM 
(46E8h) 


BD[7:0] 


BA[1:0] { ADDRESS 


FIGURE 19-3. AT BUS MODE TIMING I 
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NO. IN 
LCLK Period VCC/2 Threshold 
LCLK Low Time 10 VCC/2 Threshold 
2 


[1 [heux en C35 

i = 

[3 |tcixvigntime ————SSS*dY~to 

[sa |tctkraitime Sid 

[ae |tcik ise time Sid 

[4 [asi Beinn, wid oS wtoEY | 5 _| 
wal 


7 


A(31:2], BE[3:0], M/IO, D/C, R/W, ADS 


LCLK to D[31:0] Out CL = 100 pF 

| og LCLK to D[31:0] Tristate iS seco CL = 100 pF 

| 9 | LCLK of ADS Low to VGARDY Low 2.5 41s |t = LCLK Period 
t 


10 VGARDY Low to VGARDY High + t+10 | C = Setting of 2DF 1h, Bit 6 
CL = 100 pF 


LCLK to VGARDY Hi-Z 


Setup to LCLK 


A(31:2], BE[3:0], M/IO, D/C, R/W, ADS 
Hold From LCLK 


ee 
[2 Jorstojinseup Beto tax | 1 | - | 
P18 foisto} How ater Lou oo ee 
[14 |RDVIN wo Louk teers ADSSeup | 7 | — | 
[1s icixtonovinms ide 
[16 |lcikio VaRRGViow ———SSC=*d;SC 


A(31:2], BE[3:0], M/O, D/C to EPROM ce 


TABLE 19-4. VL-BUS INTERFACE TIMING 


2DFOh, Bit 7 = 0 
External BIOS 
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LCLK (486) 


A[31:2], BE[3:0], 
M/IO, RW, D/C 


ADS 
READ D[31:0] 


WRITE D[31:0} 


RDYIN 


LDEV 


EBROM 


FIGURE 19-4. VL-BUS INTERFACE TIMING 
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WD90C33 AC TIMING CHARACTERISTICS 


NO. ON MINIMUM | MAXIMUM | 
DIAGRAM PARAMETER VALUE | VALUE | TEST CONDITIONS 
| 4] BA[1:0] Validto RPTL or WPTLLow | 1-4 |  - [t= LCLK Cycle Time 


RPTL or WPTL Low Time t = LCLK Cycle Time 


n based on 2DFO0h, 
Bit 4 as follows: 


Bit 4 #=Othenn=#9 
Bit 4=1 thenn=18 


| 3 [Read BOI7:0} SetuptoLcik | 10_|- | These times apply 
| 4 [Read spr:ojHoldattertoLKk | 10 |= | EPROM AKO. 

| 5 |tcikrsetoRProrwere | sf ef 
| 6 |WrTLrisetoppi7ojhoid | 10 |= [Note 4 | 


TABLE 19-5. RAMDAC TIMING 


RAMDAC INTERNAL DATA PATH ON VL-BUS 
BA[1:0] 


RPTL, WPTL 


READ BD[7:0} 


WRITE BDJ7:0} 


FIGURE 19-5. RAMDAC TIMING 
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fowcram| PARAMETER | "VALUE" | "VALUE" | TEST CONoYTIONS 
DIAGRAM PARAMETER VALUE VALUE | TEST CONDITIONS 
| 1 | RASCycleTime =| tT Nt 
| 2 | RASPulseWidthtow || 3.St-d | - [Note2,3,4 
| 3 | RASHigh Time (Precharge) | sted | -  [Note23,4 | 
| 4 | RASLowtoCASLow | 2 5t-9 | 25t-d [Notez34 
| 5 | CASCycleTime =| tT Nt 
| 6 | CASPulseWidthtow | tt+2 | - [Note 3,4 
| 8 | Row Address SetuptoRASLow | 1t- 10 _ 
SI alia 
from RAS Low 
| 10 [Column Address SetuptoCASLow | 11-10 
[41_[ Column Address Hold trom GAS Low | it 
12 Sar ee 
jae Os 
| t15 | 
| ts | 
16 
17 i 
18 


Same a5 (1) 
[OE High Before WELow ‘| ot 
[OE Low AterWEvign ___—+| io 


CAS High for CAS Before RAS 
Refresh 
RAS Low from CAS Low for CAS 1.5t+ 10 
before RAS Refresh 
NOTES: 


1. The timing in this table results from setting PR33 (3C5h, Index 13) to XXX00000b. 
2. This timing is adjustable via PR33 (see Figures 19-9 and 19-10. 
3. Fort = 1/MCLK, the maximum MCLK frequency is: 

DRAM SPEED FREQUENCY 


80 ns 37.5 MHz 
80 ns (faster type) 40.0 MHz 
70 ns 44.7 MHz 
60 ns 49.5 MHz 
45 ns 60.0 MHz 


The “d" indicates a delay of 4 ns to 7 ns. 

Numbers in parenthesis are numbers on the diagram. ___ 
Memory write uses fast page early write, while keeping OE equal to 1. 
Memory read uses fast page read, while keeping OE equal to 1. 


TABLE 19-6. DRAM TIMING FOR 256K BY 4 AND 256K BY 16 DRAMS 


Ons 
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NO. ON MINIMUM | MAXIMUM 
1 |RAScyotme SSCS Sd Nte 
[2] RAS Pulse watmiow =i a7 | -~(Notez, 8 
[a [RAS High Time Precharge) | a | ~(Noteno 
[a] RAS Low oCASLow +a. | tt [Noten 8 
[~s_|onscyietme Sid at «| Notes 
[JAS Putco wiathiow ited | - (Noto 
[7 TAS igh Time Precharge) | 1-20 | - [Nota ae 
[a [Row adsress Setup wo RASLow | t [- [Notes 


Row Address Hold Time from RAS 
Low 


[70 [eotumn Adaress Setup GAStow | 10 | -|[Notes 
[11 [column address Hold trom CASuow{ tt [= [Notes 
[12 [Read Data vaid Before CAS High | 2 |---| 
[13 [Read Data Hold ater CAS High | 0 [| -| 
[14 [Wie Data SeupioCASuow | w-i6 | - [Notes 
[15 | Wite Data Hold ater CAS Low [1-5 | - [Notes 
[16 | WE Low Setup 1 GAStow | it-t0 | —~(Notos 
[17 [WE Low roid ater CAS High [Samo as(ie, [Notes 
ee ae ae ee 
[19 [OE Low tor WE High 


CAS High for CAS Before RAS 
Refresh 

RAS Low from CAS Low for CAS 
before RAS Refresh 


NOTES: 
1. The timing in this table results from setting PR33 (3C5h, Index 13) to XXX00000b. 


2. This timing is adjustable via PR33. 
3. Fort = 1/MCLK, the maximum MCLK frequency is: 


DRAM 
SPEED FREQUENCY 
80 ns 36 MHz 


4. The “d" indicates a delay of 4 ns to 7 ns. 
5. Numbers in parenthesis are numbers on the diagram. 


6. Memory write uses fast page early write, while keeping OE equal to 1. 
Memory read uses fast page read, while keeping OE equal to 1. 


The MCLK edge to RAS, CAS, MA[8:0] edge delay may be up to 40 ns. 
TABLE 19-7. DRAM TIMING FOR 64K BY 16 DRAMS 


Ra ES FE a a a SO Lo EF CL OE TNEE N GOD TE NT ITT IE TI IO OT TITIES 
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MEMORY REFRESH 


5 
2 
g 
@ 
5 
§ 
C) 
x3) 
S 
2 
> 
3 
@ 
a 
2 
Q 
A= 
77) 


Read, Write 
PAGE - MODE CYCLES 


NS 


CRT OR CPU 


FIGURE 19-6. DRAM TIMING 
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Bri 


E@/LAS NOILVNWHOINI GJONVAGY 


INAAWLSNPay ONIWLL NVHG “2-61 SHNDH 


: Minimum RAS Precharge adjustment 
MCLK 


mt La LS La SL 
me oe 


(1) PR33 (3C5 index 13) Bit 1,0 = 00 RAS High time (min. Precharge) = 2.5t +d 
(2) PR33 (3C5 Index 13) Bit 1,0 = 01 RAS High time (min. Precharge) = 3t 
(3) PR33 (3C5 Index 13) Bit 1,0 = 10 RAS High time (min. Precharge) = 2t 
(4) PR33 (3C5 Index 13) Bit 1,0 = 11 RAS High time (min. Precharge) = 2.5t 


RAS low to CAS low adjustment 


(1) PR33 (3C5 Index 13) Bit2=0 RAS low to CAS low = 2.5t *t=1/MCLK 
(2) PR33 (3C5 Index 13) Bit2=1 RAS low to CAS low = 1.5t d= (4~8) ns 


E€D060M 


SOLLSIFALIVYVHD ONINIL OV 


AC TIMING CHARACTERISTICS 


19.2 DRAM TIMING ADJUSTMENT 


For DRAM timing adjustments, the RAS, CAS tim- 
Ing can be adjusted by register PR33 (3C5nh, 
Index 3), Bits 4 through O (see Figures 19-8 
through 19-11). 


Tables 19-7 and 19-8 list the parameters (Note 2) 
that are adjustable via PR33. 


For the CAS pulse width adjustment, the CAS 
cycle time is always equal to 2t (t = 1/MCLK). The 


WD90C33 


delay “d” is 4 to 7 ns. Therefore, PR33 Bit 3 sets 
the CAS pulse width as follows: 


CAS 

LOW = 
ee 1t+(2~3)ns_ | tt-(2~3)ns 
fee pee 


FIGURE 19-8. DRAM TIMING FOR 256K BY 4 OR 16 DRAM 


a = XXX00001 


FIGURE 19-9. DRAM TIMING FOR 256K BY 4 OR 16 DRAM 
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PR33 = XXX01110 


FIGURE 19-10. DRAM TIMING FOR 64K BY 16 DRAM 
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20.0 PACKAGE DIMENSIONS 
Figure 20-1 shows the 208-pin MQFP package and gives the dimensions in millimeters and inches. 


PIN NO. 1 LD. LOCATION 


DETAIL-2 (Scale: None) 
TUVIUTTIITITTITIT IETS ee en elaaeiiiianiy 


FIGURE 20-1. 208-PIN MQFP PACKAGE DIMENSIONS 
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APPENDIX A 
REFERENCE DOCUMENTS 


For further information on Personal Computer 
(PC) video display applications, refer to the manu- 


als in the following list. 


¢ IBM PC Hardware User Guide (IBM # 
6322510) 

¢ 1BM PC XT Hardware User Guide (IBM # 
6322511) 

¢ IBM PC AT Hardware User Guide (IBM # 
6280066) 

¢ 1BM PS/2 Model 30 Hardware User Guide 
(IBM # 68x2230) 


IBM PC AT Technical Reference Manual (IBM 
# 6280070) 


IBM PS/2 Model 30 Technical Reference 
Manual (IBM # 68x2201) 


IBM PC Options & Adapters Technical 
Reference Manual (IBM # 6322509) 


IBM PS/2 BIOS Reference Manual (IBM # 
68x2260) 
IBM PC Reference Manual (IBM # 6025005) 


AT&T Video Display Controller VDC 750 / 
VDC 600 Installation Guide 


Hercules Graphics Card Owner's Manual 
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